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PREFACE TO PART TV, 


rriHE "writer desires to express to the Publishers, and to 
those "who have done him the honour of reading the 
previous Parts of this work, his regret for the great delay 
that has occurred in the preparation of this volume for the 
Press. 

^lore than one serious illness, and the pressure of his 
duties, have obliged him again and again to lay this "work 
entirely aside. Finding that he was not likely to have 
leisure or strength to complete the volume, he has, "with 
the consent of the Publishers, entrusted most of it to 
a friend, by which arrangement he feels that he has con- 
ferred a great benefit upon his readers. 

The object in view has been to explain fully and 
clearly the simplest and best methods for arriving at the 
proper forms and dimensions to be given to Timber and 
Iron Beams, Cantilevers, Plate, Box, and Trussed Girders, 
Roofs, AValls, Arches, Water pipes, etc. etc., showing by 
examples the calculations required even for the details. 

In carrying out this object the use of Advanced Mathe- 
matics has been as far as possible avoided. The methods 
explained are chiefly those that can be effected almost 
entirely by drawing and measuring lines, and the calcu- 
lations given require but a very slight knowledge of 
Mathematics. Short rules are added for the use of prac- 
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tical men, and also tables by wliicli many calculations 
are altogether aYoided. 

Tlic great advantage of using simple graphic incthods 
instead of elaborate calculations is that the former, if in- 
correctly carried out, at once proclaim the fact liy tlie 
polygons of forces refusing to “ close,” so that an cia-or has 
to be faced at once and rectified ; whereas an eiTor in a 
figure, or even of a decimal point, in calculations fpiite 
correct in other respects, may escape notice, and lead to an 
utterly erroneous result, which, if acted upon, may en- 
danger the stability of the structure to which it is applied. 

It is hoped that this volume will be found to explain 
not only the calculations that may be called for in the 
Honoiu’S Examination at South Kensington, but also all 
tliat can possibly be required in connection witli ordinary 
buildings. Upon the more complicated engineering struc- 
tures it does not profess to enter. 


THIRD EDITION, 18^5. 

This edition has been revised to the extent of correctins: 

O 

any misprints and clerical errors that have been found in it. 

Some further attention has been given to the use of 
steel rolled joists in Chap. IV., and the table of framing of 
iron roofs has been re-written to include some more recent 
examples. 
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NOTi: 

The follo\\ing IS an cxtiact fiom tlic S}Ilabiis of tlic 
Science and Ait Dcpaitmcnt of tlic Conimittcc of Council 
on Education, South Kensington 

It shous tlic he ids of the ex.nnimtion in connection 
with the cakuhtion of stiucturcs for Honours, and 
opposite to each subject, the portion of this %olumc in 
which the infornntion reqmicd is to be found 

FIRST STAGE, OR ELEMENTARY COURSE 
\o cxununtiOH m to the rxlcuhtion of structures 

SECOND STAGE, OR ADVANCED COURSE 
\U til'll i'' rc<iiurc<l will he found in Pirt H 

EXAMINATION FOR HONOURS 
llEQUirEiiiM'^ c} S\ii vuLH.. Miin r m mt with in this \ oLUMr 
!7< invsl U <ifl< (0 Mfic Simjdo ) rohlems in tlio tlieoij of con 
simple prot/<mg in </fC fAcory htruction, c<inihbrmm, cliH) n , beams, 
4-r ccmtrudton, ami to de(<r clioji m , dimensions of timber beams, 
mine the safe <litiieiwoH8 <f pp r>J, 75 60 urougbt iron beams, elnp 
irontrieooiUnheainstuljedtd u , cast iron beam®, ebap s 
to de id loads 

Stresses on frames in gcncnl, chap 
/ramed structures of n stmtla} iv, oj>cn uebbctlgirders, clnp \ , trussed 
desrr\j\t\.on, he must he aUe to beams, chap xi , roofs, chap \ii , deter 
trace the stresses, hroujJd into inmation of the ijuantity of material re 
action ly the loa U, from the quired in each part, t ? of the dimensions 
points of aj plication to the of tho jiarts, tension and compression 
2^<nnts of support, ns icell as bars, chap m , joints and connection®, 
to determine the nature and chap mi 
amount of the stresses on the 
difercni members of the truss, 
and, consepiently, the quantity 
of material requiied xn each 
part. 
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CUMTM I 


INTRODUCTORY. 


T IIK object of tins Tirt of the Course la to tench a student 
how to (Ic'sigu t!io«o pitta of buiMin^s which require to be 
cnrcfullj projKjrtioued, in oitler thtit the cost of inntennl nnd labour 
nil} bo a inunmuvi, cousistentI> witli the structure benij; of 
Bunicicnt strcnglli and penimucuce, hut it docs not dml in nnj 
wi} with the question of artistic dtsijn* or nppcinnco It is 
assumed that tho student is fiimlini witli Tirts I, H , nnd TFI of 
this Course in fact, that Jjc understands the usual forms of parts 
of ordinnr} builclin„»s, and tlic natiitv of the \nnous mntcmls m 
use for the construction of liuildings 

III dtsio'miig an} stnicturo enro should bo taken that each jmrt 
IS strong enough to resist tho forces that winy act upon it To 
insure this result it is nccessarj to know — 

1 The nature and dxuetiQn. of the Mtessie^ * tint cich put iin} 
bo cillod ujKUi to resist. 

Ill onliiuir} tuilling^ tlic^c ntc |ro»lnce<lli (oj The force of 

(,niMti (i < the weight of the j>art'«<f the ftnicturc an 1 of niij Ion I the\ 
man bnn c to enrr}'; Tnc force o1 the w in h 


2 2he most suilahir descnjdton of mala lal 

3 Thchnt foim and ihmamons tohe gnen to fnc/i^ini^ in 
order tint it ina} be able to resist the stress tint lua) act upon u 

If hen the student Ins nsccrtiincd those particulars, ind de 
signed the stnicture accordingl} , he inaj be sure not onl} tint 
cich part will be strong enough, but that no more nnterml will 
be used tlnn is neccssar} to give the strength required , m fact 
that the materials will bo used without waste 

It should, lioweaer, he remembered tint iii practice cases 
fiequentl} occur, espcciallj where tho parts are small in wlncli 
tlio minimum dimensions that cm practical!} bo allowed are 
greater than the maximum required bj theoi} 


Seep 6 for definition of tl 13 tcim 


B 



NOTES ON BUILDING CONSTRUCTION 


■O 


It is of course easy in many cases to make a structure strong 
enough by using plenty of material ; but an engineer nr archi- 
tect who understands his work will use only sullicient inatcrial 
to make sure of a safe and ])ermanent structure, taking care to 
dispose it so as to obtain a maximum of strength at a mini- 
mum cost. 

The calculations retpiired for de.signing the did’erent parts of 
buildings are not difficult, and they require very little knowledge 
of mathematics. In many books on the subject formulre are given 
without any explanation as to how they arc obtained, and are 
therefore rather bewildering, and tend to wrap the subject in a 
veil of mystery which does not properly belong to it. 

An attempt will be made in this chapter to cxidain the 
princi]rles upon which the calculations depend, and then, in 
subsequent chapters, to show how these principles are applied to 
ordinary cases which occur in practice. If the student under- 
stands the principles, he will always be able to apply them to 
any unusual case which may arise in his own experience. 

TElllMS IN USE. 

In order to clear the gimind, it is desirable first to explain 
the meanings of the various terms that have to be used in con- 
sidering the subject. j\'Iany of these definitions have been given in 
Part III., but they are now repeated in a somewhat different form. 

Load. — The external forces that act upon any structure, 
together with the weight of the structure itself, are called the 
“ load.” The term “ external forces ” includes also the reactions 
at the points of support. See p. 16. 


Thus in the case of a beam AB (Fig. i) supported at the ends, and 



Fig. 1. , ■ Fig. 2. 

carrying a load N at its middle point, the external forces acting are (1) 
the weight of the beam itself, (2) the weight of the load, (3) the upward 
reactions at A and B. The direction of these forces is shown by the arrows. 
In Fig. 2 the beam is uniformly loaded throughout part of its length, the 
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forte* nclinf* Wlnp (1) it* ox\n weight, ir ir »r, etc. (i) the weight of the 
Jink nnd jli content*, 1 1 t, etc. (3) tlie upwnril rtictiojj* nt A ajhI Ji. 

On nn inclmcHl rafter (Fig. 3) there inny he the weight of the rnfter and 
roof-corenng niting ieaj*c.i!ly, and the forte of the wind acting normilly, 
tV. at right angles to the *loi«c (air, being a fluid, exerts n nonnal ^iri.*®nrc) 



Trc. 4 show* two men Mfrirnsri lidder with a l»oy Mttiiigni*on it, the load 
they haie to ijcar f* (I) (he wciglil of ili/* ladder, (U) the weiglit of tiie hoy. 

Ajnin, in the can* of a C(du«m carrung a ginltr (Fig 5) wlurh supports 
ahuildinp, the weight (10 <*ii the he.id of the colniim js the load to 
which it i* salJecUHl. Tlie l<*ad «m the foundatton of the cohunn will he 10 
tons + the weight of the c<dittim. 

Or in the c.ivj of a mre from which n Jimp 5s sn'pended (Tjg. 0), the 
weight of the Utnp, m} CU Ihr., U the luid n|Mm the win.*. 

The load in c.icU ca.«c ia the total of the external forces, i f. 



Tig. 4. 


of tlic wej'glifc of beam + the weight of tank and its contents ; the 
^Ycight of rafter -f force of wind, etc. 

The weight of the structure itself is iji some cases small com- 
pared with the load upon it and can in practice bo ignored, ns for 
insUnco t)jat of the beam supporting a tank of water, or the wire 
.supporting the lamp. In others the weight of the structure itself 
is important, as in the ease of the ladder, which forms a cousider- 
nWe part of the total load. 

DiSTRinuTiON OP Load. — ^Thc load may bo conccntialed at the 
centre of the beam (Fig. 1), or cowaitraUil at any point (Fig. 18), 
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or uniformly clisiributcd over the whole of tlie beam (Kg. i 6 ), or 
over a poi'tion (Kgs. 2 aucl 20). 

Dead Load is that which is very gradually applied, and which 
remains steady. 

Thus tlie water might he poured into the tank very gradually, and Avhen 
once poured in would remain quiet, forming a dead load. 

In the same way the weight quietly placed and remaining steadily on 
the column, and the lamp on the rod, would he dead loads. 

Of course the weight of a .structure itself is a dead load. 



Live Loads are those which are suddenly applied or are ac- 
companied by shocks or vibration. 

Thus the hoy might jump suddenly upon the ladder (Fig. 4), causing a 
shock. An excited crowd upon a balcony or floor might make sudden md 
titful movements causing jars and vibration— in either case the load would 
he called a “live load,” not a dead or steady load. 

ihere are but few cases in which the parts of ordinary buildings 
aie subject to live loads — the chief instance being in floors subject, 
as before mentioned, to suddenly moving loads. In engineering 
structures, however, railway bridges are subject to the live loads 
caused by swiftly passing trains, breakwaters and sea walls are 
liable to the sudden impact of the waves ; and so in parts of 
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!iinclun(.>, nnd m oilitr cans the louh ncliug ui>on ^ structure 
are often fiuihkul) npplieil 

Comixtratth ejfut oj Dfftd ami hue It has been 

fomul b} c\i>cmneJil tint n In e Imd products ncail) tuico the 
cfToct tint a dcail load of the fimo weight would prinlucc 

TJjcrffprr lo fml the dnd Iral which wouM jrwluci, Iht ‘inje cfftcl as 
n puen liM Imil, the htl*r irni't t*o mnittphed \ \ 2 

Till* 4 jHmtjoij it fillctl co«\ertm^ the Inc lixitl into an c4im%Tilcnt dead 
liud 

Thm n flour pinlrr »in\ ucirtli HO H < 1 . ikt fc»ol run , if the lo.ul uj'on it 
c f 250 Ih-e jw r h"!* nm l*o a live loa 1, the total f4puvftknt th ^ I lend will l»c 
(30 11 • + 2 X 250 II «.) •» 530 Hh j« r f<M t niii 

The 111 I \Ki\o Loui for nnj filnicturc or piece of imtcrml is 
tint dead lend wincli will just proiluce fmeture in the structure 
«ir nntcrnl 

Ihe ^Vo! KiNf. I/)Mi or ^Ml 1 /»ai» is llie greatest »lcid loid 
wlijrh the structure or nnltrnl can sifelj U ]>crnjUtul lo bear in 
pncticc. 

It imv \t> u^-fiil to Vtifivv the ho! that woull catpc nijiliirc ui the 
>*nictHrt., I r the 1 hnd, 1 nt tin loail tint fhonhl a iinlh b npphi I 

1 • tl, I c the ho I, tmnt he n> iimhIi *ti)i]kr m to j ut nil dauber < f 

rujtun. out of the (pu^tion 

TlicltKahing load or the working loid nm> l>c cither h\o load 
or dead lo i«l, or n coiiibitintmii of Iwth , hut for coin cttieucc it is 
usual to reduce it nil to an cqunalciit dcail load, bj doubling the 
h\c load niid adding it to the dead load, ns in the example 
gnen above 

Strain is the alteration in the shape of a hod> produced bj 
a stress 

'ilius a stress of tension, or tensile stress, produces n stretching 
or strain of elongation, u compressive stress leads lo a shortening 
or squeezing strain, a IransvcnjC stress to a lionding Btiaun, and 
so on 

At one time the «onI “ftnin" «ns generally tticd instead of the uord 
“ftress” to denote the forces of lenMoii, comprc««ion, etc , and it is still so u®ed 
in inativ trcati«es cm applied mechanics , hut under the hi^li antlioritj and 
guidance of the htc Professor Ilankmc, the Lest vmters on the subject u«c 
the uonl “sire'''*’ to signify the Jbrcoa acting upon a bo<lj,' and the word 
"slriin" to mean the aUcntioii of flguic that takes place under the action of 
tho«e strissca 

* "The word ‘stress has been adopted as a general term to comprelien I \anoas 
forces which aro exerted between contiguous bodies or parts of bo lies, and which are 
distributed over tlio surface of contact of the mosses between which they act — 
Cml d’njin-'mny, by Professor Ranlcine p 161 
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It sliould be noticed that tins nse of tlie word “ strain ” is different from 
the more usual one, in which it is implied that some injury has been done 
to the material of the body Avhich has been strained. 

Stress. ^^Vlien a force acts upon a structure or piece of material 

it produces an alteration of form or stvain whicli may Ido merely 
temporary, lasting only udiile tire force is applied, or it may be 
permanent, or may eventually end in rupture. This alteration in 
form calls out a resistance in the internal structure of the material 
which is called the stress upon the body.^ 

Thus the weight of the lamp (Fig- 6) tends to alter the form of the rod 
which supports it by making it elongate, tending to tear it in two ; but the 
strength of the fibres composing the rod resists this tendency to alter its form ; 
and it is subject to a stress in the direction of its length. ^ 

Again, the weight on the girder in Fig. 5 tends to shorten the column, 
and would, if sufficiently great, crush it. The weight (Fig. i) tends to bend 
the beam, and Avould, if sufficiently great, break it (Fig. 31). The tendency, 
however, in each case is resisted by the internal strength of the body. 

The various kinds of stress are as follows : — 

Tension. — This stress elongates the body upon which it acts, 
and tends to cause rupture by tearing asunder. 

There are many parts of ordinary structures subject to a tensile stress ; 



c.(j. the tie beam TT of a roof (Fig. 7) is in tension, because the bafters tend to 
spread out at the feet and thus pull upon the ends of the tie beam. 

Compression. — This stress shortens the body upon which it 
acts and tends to cause rupture by crushing. 

]\Iany parts of ordinaiy buildings constantly undergo compression, for 
example, columns and story posts, also the struts of roofs, which are com- 
pressed in the direction of their length by the weight of the roof that they 
support. 


’ Theovelically the smallest force acting upon a body produces a permanent altera- 
tion in its form (see ]). 10). Pinctically, however, the pennanent change of form 
juoduced h}' foicos which are veiy small in proportion to the strength of the struc- 
ture may he ignored. 

- Strictly, the hticss in the rod increases towards the supporting beam, owing to 
the weight of the rod it.self, and in the .same way the stress in the column is greater 
near the ground than at Die top, on account of the weight of the column itself, hut 
the incren^e is .so small that it may practically he neglected. 
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lIA,^s^FPS^ StrE'sS — T ins stre^ss bends tlio bod} on ^\lncU 
it acts and tends to breib it across 

InsUmcos of tins »trc«^ in connection nitli Imildin^^ at onco occur to 
llic student, fij’ in Imlels or brc'tsumers csrijing joists and gliders of 
floors, eta, the nfters of n roof mnUr the mfluciicc of Mind and load 

SiUAil.st. SritLss is that pioducctl when one put of a bodj 
IS forcibh pressed or pulled so ns to tend to make it slide o\ei 
another pait 

As, for example, Mhen tMO plates n\cte«l together (Tig 8), art, severed 



Iig S ii^ 0 


1 } pulling or pushing in oppo'^itc direction*, the rivet r is *1 cared — one \ htc 
eliding upon the other (I-ig 9) 

Bmuinc. SlRE-'b IS that ^\h^tU ocems ulien one bodj presses 
against another, «o ns to tend to jiiotlucc indentation or cutting* 
As, for example, when a riwt holdin,, a phle iiit* into the pi ite, making 
the hole larger thus in lig lo the jlatcH A, 15, being pillcl m opposite 



Fig 10 li,. 11 


directn n«, the rivet c, licing of harder iron Uiaii the plate B, has borne uixui it 
and cut into it, making the holt larger os pliown at d, Fi^, 1 1 

Torsion is the stress produced bj taaisting the parts of a bodj 
in opposite directions, or, avhat comes to the same thing, b) fixing 
one part and tavisting another around the axis of the fixed pait" 

Tins stress is common in maclnntr), but not in ordinarj building stnic 
lures, and it v\ ill therefore not bo furtlicr con«idcrcd 

Stresses classillod as regards Description — Summing up 
therefore, it appears that there are six different kinds of stress, 
namely — 

lensile Sheaniig Tiansverse 

Compressive Bearing Torsional 

* Bearing stress resolves itself into stresses of compression and shear, i e in Fig 
II, compression of the metal in front of the bolt and shearing of tl e metal at the sides. 

* It can be shown that this stress resolves itself into tension, compression and 
shear 




8 


NOTES ON BUILDING CONSTRUCTION 

Tlie three latter can, however, he resolved into comhinations 
of the three former. 

The various stresses are also classified as follows : — 

Stresses classified as regards Intensity. — BitEAKiNG Steess 
is that stress at which a material will just give way. 

Limiting Steess is the term ajiplied to a stress which is ])ur- 
posely limited to less than the breaking stress of the material. 

Thus it may he known that a bar of iron -will hear a stress of 20 tons 
per square inch before breaking, but yet it may be determined, in order to be 
quite sure that the bar will be safe, not to load it Avith more than 5 tons per 
square inch. In this case, 5 tons would be the limiting stress ; any less stress 
might be applied, but not a greater stress than the limiting stress, i.e. 5 
tons per square inch. 

The limiting stress should in all cases be less than the elastic limit of 
the material (see p. 10). 

Safe Woeking Steess is the stress that may in practice be 
safely allowed upon the parts of a structure. 

The amount of this stress depends niron the material, the nature of the 
stress, or the nature of load, whether live or dead, to wdiicli the structure is 
subjected. It is ascertained by dividing the breaking stress by a factor of 
safety, Avhich varies under the several conditions mentioned above, and is 
determined by experience (see p. 9 and Apjiendix I.) 

Intensity of Stress is the amount of the stress, expressed in units 
of weight (such as tons), divided by the area of the surface over 
which it acts, expressed in units of area (such as inches); provided 
of course that the stress is uniformly distributed over the surface. 
If it is not uniformly distributed, the intensity of stress will of 
necessity be greater at some points than at others. It is generally 
expressed in tons per square inch, sometimes in lbs. per square inch. 

Thus in the case of the lamp hanging by a rod, or rather Avire (p. 4), the 
stress is uniformly distributed over the cross section of the rod. Assuming 
that this cross section has an area of .yL^rth square inch, 

T . f , Aveight of lamp 50 lbs. 

Intensity of stress = ^ — = — 

area ot cross section square inch 

= 50 X 224 lbs. per square inch, 
or 5 tons per square inch. 

Again, if a bar 2 inches square, that is, Avith a sectional area of 4 square 
inches, has 40 tons hanging from it, the total tensile stress on the bar is 40 
tons, but the intensity of stress is 10 tons per square inch. 

The cast iron column shown in Fig. 5 may be taken as another example. 
Tlie load is lO’O tons, and assuming that the area of the cross section is 8 
square inches, the average intensity of stress is 2A = l’25 ton per square inch.^ 

^ As Avill he explained in Chapter VI., unless the column is very short, it cannot 
ho assumed that the stress is uniformly distributed over the cross section, and there- 
fore the intensity of stress Avill vary from point to point, and the maximum intensity 
may he far greater than the average. 
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The Factor of Safety is the ratio m which the breaking load 
exceeds the orkmg load 

This ratio depends upon the nature of the load and that of 
the materjal, and it is found bj expenence 

The following Table shoi\8 the Factors of Safetj given bj Professor 
Kaukine m his Us'^fv.l Exdti and Tahtes 

tablt: a 


r^lCTOHS OF SjFCTy 


Deall^vi! Live Load 

For perfect materials an 1 wort ( 

nianslup 2 j 4 

For good oriUnary { JletaU | 3 I 6 

inatenaJs an I ] Timber { 4 to 5 S to 10 
vvortiini ship (Masonry | 4 8 


It Will be seen that, for the reasons given above, tlie f ictor of safety for 
a live load is taken at double that for a dead load 

When a load is mixed, x e partly live and partly dead, the live portion 
maybe converted into an equivalent amount of dead load, and the factor 
of safety for dead load then applied to the whole 

The factors of safety shown m Table A are lowei than can be «nfely waed 
for the work ordinarily met with 

Factors of safety winch have been n«ed m practice for different special 
structures are given in Appendix I 

Fracture — Wheu a body is subjected to a stress, iiid the 
stress any ‘point is greater than the material can withstand, 
fractuic ensues 

The nature of the fracture depends of course upon tJic kind of stre'S to 
w Inch the body has been subjected 

Thus a tensile stre's earned far enough produces fracture by tearing, a 
compressive 8tre«s by crushing, a transverse stress by cro’s breaking, etc 

Table of Stresses and Strains and Modes of Fracture, 
llie following Table shows the various stresses and the strains 
and description of fracture to which they lead when earned 
sufficiently far 

TABLE B. 


Strosw-S. 

‘•twlin 

or Fracture 

Tensile or j ullii 

i-^<(nnst<in 

1 Tearing 

Comircssivo or lliriistin„ 

Coinj ressiou 

Crushing 

fransrerse 

lM>nuing 

Breaking across. 

Sbcvniig 

Ui tortion 

Cutting asunder 

Bcmiig 

In Icntation 

i Cutting anti cmshing 

T» rsionvl 

Twisting 

} W rend lug asun ler 
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rapidly than the load. Tims 13 tons will produce an elongation slightly 
greater than of the length, and so on in an increasing ratio. 

The Modulus of Elasticitv is a luiinber representing the 
ratio of the intensity of stress (of any hind) to tlie intensity of 
strain ^ (of the same kind) produced by that stress, so long as tlie 
elastic limit is not passed. 

Thus the modulus of tensile elasticity of any material is found hy 
dividing the tensile stress in lbs. per square inch of sectional area by the 
elongation (produced by that stress) expressed as a portion of the length of 
the body. 

For instance, if a weight of 1 ton hung fioni an iron bar produce an 
elongation of of the length of the bar, the modulus of elasticity of 

the bar will be 2240 lbs. 4--^ TT),xro = 20,880,000 lb.s. This is rather lower 
than the modulus of average wrought iron. 

Similarljq the modulus of compressive elasticity is found by dividing the 
compressive stress in lbs. per square inch of section by the shortening (produced 
by that stress) expressed as a fraction of the length of the body. 

In most building materials the modulus of tensile elasticity and that of 
comin-essive elasticity are practically equal to one another so long ns the 
stresses do not exceed the elastic limit. 

In advanced works on applied mechanics other moduli are used which, 
however, are not required in ordinary calculation.s, except the modulus of 
ruirture, see p. 52, and need not be further referred to in these notes. 

^Moduli of elasticity for different materials are given in Table 1. 

Deflection is the bending of any body caused by a transverse 
stress. 

Thus the ladder shown in Fig. 14 is bent by the weiglit of the 
boy sitting upon it. 

If the intensity of the stress be below the elastic limit, the 
deflection wdll disappear when the stress is removed ; but if the 
intensity of stress be in excess of the elastic limit, a permanent 
sd will remain. 

Stiffness in a material is the power that it may possess to 
resist being strained out of its proper shape; this is a very 
different thmg from the strength, or power to resist rupture. 
Compare, for instance, glass and wrought iron. 

The stiffness of the material depends upon its elasticity; 
the greater the value of the modulus of elasticity, the greater the 
stiffness of the body, 

1 By “intensity of strain” is meant the amount of alteration of figure per unit 
of lengtli ; tlius if a bar be elongated under tensile stress, the intensity of strain 
would be the amount of elongation (expressed as a fraction of a foot) per foot of the 
bar. Expressing the total elongation as a fraction of the length of the bar amounts 
to the same thing. 



The of ft sit iicltire tlcpcnds iiot on!) upon tho ehsticity 

of tho inatormi of which it is coiiiposcfl, hut ujion its armn^cnient 
'J hus a floor w ith deep narrow joists is much stificr than one of 
the Paine strengtli With wide and shallow joists 

lliis ipiality has nu iTni>orlaiico oiih second to that of strength 
m fact, s(inu/th ami shjfnf%s must bo considered together 

In n flwr, fur aUhonsh the joi^M niaj l)o Ktrong enough to 

lircaknjg, if th<'\ nrc not »tttr the lloorwill t*e fi'nng) mil 

uncoinrortal Ic, ontl if tlit v !in\c ft txding attarliid tu llicin it m iI! in. cncke<l, 
ftjid iin\ U ifiilcml diiipiroiis l»\ the deflection or Kiidnig of tlic joist* 

In roof*, the nftir*, if n >1 Jtiff (nough, will hend or causing uglj 
hollows, and in jome cths lo»lgmpnl of tut M|ion the roof cottriiig. 

Ofher Physical J^v/trrlus of Imdics «!o not affect tlic caltitla 
tions about to be entered upon, a discussion of tliLiii would teml 
Old) to confuse the student, and tho will tlioreforc not be alluded 
to in tins aoliunc. 
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EQUILIBRIUM. 

¥ HE]Sr external forces act upon a body, its powers of resistance 
are called out until they are just sufficient to balance the 
external forces ; when this balance is maintained, the external 
forces and those of resistance are said to be in cqxiilibrium. 

When the external or active forces require, for equilibrium, 
greater resistances than the body can offer, movement ensues in 
the form of rupture of the material if the internal resistances are 
ineffectual, or of movement of the body itself if the external 
resistances are insufficient. 

Tlius if a rope he fastened to a man, and a boy pull at it with a force of 
30 lbs., the man passively resists until there is a stress upon him of 30 lbs., 
and equilibrium is established. If, however, the man begins to pull the rope 
with a force of 80 lbs., equilibrium is disturbed and movement commences — 
the boy is dragged forward ; or if he ties the rope to a wall, and the man 
pulls with sufficient force, the rope is broken. 

Every structure is under the action of two distinct sets of 
forces, namely — 

1. The external forces. 2. The internal forces, or the 
stresses. 

And in order that the structure may not move, or, as it is 
termed, may be “ in equilibrium,” it is necessary in the first place 
that the external forces be in equilibrium amongst themselves; 
and secondly, that the internal forces, or stresses, be not greater 
than the resistance the material of the body is able to offer. 

The external forces on a structure consist of the various loads 
it has to bear, and of the reactions at the points of supjDort. 

It win thus be seen that, to design a structure as regards 
strength, three distinct operations are required, namely — 

1. To find the external forces acting on the structure. 

2. To find the stresses produced by those forces. 

3. To calculate the dimensions of the various parts of the 
structure so that the stresses (or, more strictly .speaking, the inten- 
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Eitj of stro^**) nlnll no\vlicro be grtattr than tho luntcrml h Bnfcl) 
nblo to itM«t 

Tlic rc‘i<fince if nfn-nr? cxiclly ^ jinl an 1 opj*ofijo to tlic tin ^ up to 
tlie jviinl of rij turc , nn I the r\*si»t«nfc offtml nt lint moment if cillctl ilic 
trtufmcf Tliin inlr<-»Incef tin* imj*ortftnt fiilject of rcfiJitincc of 
matcrnlf on tiliicli nUinntrU iU]'cnl nil r'llcnlitntn tinlc in connection 
with the ftmvih of ftniclun «, an I wiiforHiinteU it i* n ml jeet e f ^flllcll our 
knowl«lpc i« I y no inem* t* full niinht l>c wi<>hwL At the cml of llm 
WV wiU l>c fninl nTal lepi\ini^ the iiftiim/c i»j«i*l-\iice to the vnnoin 
of tension o mj rc*'i( n, fhrirnv, etc , of eoinc of the iintcnil* u*uall> cinj lofctl 
m hull lir^ con»tniclion,* I ni more tlctiilol infonintion n III 

T1ic5o ojiontionH in\ohc tlie npplicilion of the cotiditions of 
c^uihbrtum of a Ixnlj, tho roiiBnli nition of wJjich require? 

n grtitor Jvnotvkil^c of iinthcmilicB limn it ftf^uined for this 
Courc, the Inr^’c innjontj of ca^tstlut o(X*urin hmlding jimctico 
can, liowcNtr, ho Irtilinl jn nn dciiunt in nnnnor, which wc now 
proceed to do in the orilcr tncntioucd nbo\c 


lATinXAL 101ICI>S ACTING ON A blRlCTUm. 

Tho *1 Btnicturc 1ms to War iin) R gi\en but usunll) 
thoj bite to Ih 3 a«ccrt'tjticfl iti csth case nml it will he shown m 
the Kcquel liow to do this 

Tor m‘Unfe, it mvhl l>c jiim that a ctrtiin iK-im ha-^ t > l>ear n weight 
of 10 ton* , I ut m dc< ^iin,; a toof.thc wnplil of the roof-coienng the loaJs 
caufc I hj the wind aiul fiiow, etc , wmil I linac to he owcrtamc I op c'timatcd. 

Ihe mrc/miw nt llit i>omts of supiiort nre detenmned as soon 
ns the loads arc hnown ht the npplicnliou of the following 
principle 

‘\\lienc\er n force nets npoii n bod) tending to inose it in n 
particular dirocliou, this force must he opposed b) nn equal mul 
op|>ositc force, or else the boil) will wo\c — tlmt is, it will not be m 
cquihbnmn 

This IS Xewton's llunl law, namelj, that to c\ep) action tlicre 
13 nlwa}s nn equal and contmrj rcnction, or, the mutual actions 
of any two bodies arc always equal and oppositely directed in the 
‘■arne straight line Or, putting rfc another way, 

If a body is in cqmhbnuni under the action of two forces it 
IS BtlfoMdcnt tlmt the two forces must be equal and oppositely 
directed 


* See Table 
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Supposing llie man A pulls ^villi a force of 30 lbs,, B must j)ull in the 
opposite direction also Avith a force of 
30 lbs. or the rope •would move to- 
ward A. 

Now, supposing B ties his end of 
the rope to a ring in the wall (Fig. 1 3) 
and goes away, while A goes on pulling 
with a force of 30 lbs. The wall will 
now supplj' a force of 30 lbs. to oppose 
the pull of 30 lbs. The force supplied 
by the wall is called the reaction of the 

wall. I-.- I 

. , . Fig. 13. 

The next case to consider is 

that of a body in equilibrium under the action of parallel force.s, 
as in Fig. 1 4, showing two men carrying a boy on a ladder. 

The boy's weight and 
the weight of the l/iddcr act 
vertically downwards (Fig. 
14); the men therefore have 
to supply vertical forces act- 
ing upwards to maintain 
eguUibrium. 

Supposing the hoy to 
weigh 60 lbs. and the ladder 
90 lbs., tbe whole weight to 
be carried by the men is 
150 lbs. That is, there are forces amounting to 150 lbs. acting vertically 
downwards, and the men have to supply the reactions to resist these forces, 
and prevent the ladder from mo^^ng downwards. If the hgiy is in the 
middle, it is clear that each man will have to bear half the total weight, 
amounting for each to 75 lbs. 

In the same way, when a horizontal beam supjrorting a single load placed 
at its centre (Fig. 1 5), or loaded symmetrically throughout its length (Fig. 
1 6), rests upon two walls, half the total weight is borne by each wall, or, 
in other words, each wall has to supply a reaction equal to half the weight, 

Ylhen tbe loads to be carried are symmetrically placed witli 
regard to tbe supporting bodies, and are sj’^mmetrical in tbem- 
selves, the reaction afforded by each of these supporting bodies 
is equal, as in the illustrations given above. 
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Wlien, JiOTvever, the weights are not sjmmetncally placed 
with regard to the supporting bodies, then the reaction to he 


w 

2 



. W 

2 

, r 



1 

1 





Fii 

5 15 

> 



afforded by one support differs from that to be afforded by the 
other support 


Reverting to the illustration of the boy earned on the ladder, if the boy 
does not sit m the centre of the ladder (Fig 17 ), then the man A, nearei to 
whom he sits, n ill hear more of his weight than the other man — that is, he has 
to suppl} a greater reaction. 

In order to as».ertam the 
amount of weight each man 
will have to bear, a simple 
calculation is nece«sary, 
founded upon the principle 
of the lever, which no doubt 
IS familiar to the student 

By the principle of the 
lever we know that to pro- 
duce equilibrium the up- 
ward force or reaction act- 
ing at A, multiplied by the leverage AL, must equal the reaction at B 
multiplied by BL 

We hav^ therefore, considering now only tlie weight of the boy. 



Fig 17. 


Reaction at A x AL = reaction B x BL, 
Reaction A x 5 = reaction B x 1 5, 
Reaction A = “ x reaction B, 
= 3 X reaction B 
Reaction A -f reaction B = 4 x reaction B 


But we know that the tw 0 reactions together must he equal to the weight ^ 
4 X Reaction B == 60 lbs 
Reaction B= 15 lbs 
And Reaction A = 45 lls 


Therefore we see that, because the boy is three times as far from B as from 
A, A has three times as much of his we^bt to carry as B 


From the conditions of eqaihbnum (see Appendix II ) it appears that — 
by taking moments about A, 

Wx5-R*x20=0 


BC IV. 
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We have, however, ignored the weight of the ladder, which, being a 
uniform load of 90 lbs., produces a reaction of 45 lbs. at A and 45 lbs. at B. 

Eeaction caused by 
Boy. Ladder. 

The total reaction at A= 45 + 45 = 90 
B= 15 + 45 = 60 

Total reactions caused by weight of boj’- and ladder = 150 

The general rule for finding the reaction at either support, 
caused hy a load, placed anjnvhere on a beam supported at both 
ends, may be stated as follows : — 


Rules for finding the Reactions at Supports. 

Hule I. — The reaction at either support, caused ly a single load 
placed anywhere upon a hcatn supported at Tooth ends, is egual to the 
load multiplied Toy the distance from its centre of gravity to the other 
support, and divided hy the length of the beam between the supports. 



Fig. 18. 


SiXGLE Load. — T ims vdth refer- 
ence to Fig. 1 8 

■D +• + A -D ^ ^ 

Eeaction at A = R. = 

^ AB 

li\Tiere W is in the centre, we have 
DB = ^AB, and 


Reaction at A = R,i = 


W X ^AB _ 
AB ^ 


General Case of Single Load . — If the load = W, the span = I, the dis- 
tance of W from A = a, we have 


R. = ^%V 


( 1 ). 


R„ = ^W. 


(1 A). 



1 


1 

A 

D B 

'' ' 

■- V 




> 



•i 



If TV le in the centre, 
then I 

2_W (IE). 

= = — -2 
Two OR MORE Loads. — 
When a number of weights 
rest upon a beam the reac- 
tions can be found either by 
calculating the reactions produced bj- each weight separately, and adding 
them together, or by considering that they produce the same efl’ects as would 
be produced by a weight equal to all of them put together, acting through 
their common centre of graAity. 

The second method is to be adopted in preference Avhen the position of 
the centre of gravity is self-evident. Thus in Fig. 20 it is clear that the four 
weights, each of 100 lbs., produce the same reactions that Avould be produced 


Fig. 19. 
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■faj one •n-ciglit of 400 lb"!, placed midway between tbem, that is, at the 
centre of gravity of tlie weights (Fig si). 


Utufunn Load — Again 
the reactions produced by 
the tiniforml^ distributed 
load 8 IP (tig 16) will be 
equal to tho«o of n con- 
ccntratctl load W«=8tp act- 



ing tbrougli the centre of 
gravitj of 8 ic 

M hen the load is nni 
fomilj di«tribute<lo\crapor- 
tion or the u holoof tJio beam, 
the reactions protliiced b) it 
tttH be the fame as f?M<c 
produced by a single weight 
equal to the load and placed 


Fig 20 



at the centre of gmait^ of 
the Uvad Tims in Fig 2t 
the reactions producc<l by p 

the load of 400 Ib«. distri 
buted along EF would bo T 

exactl) the fame as tlto«o n.JjJXPofj 
prwluced bj a single weight ^ 

of 400 IN acting at D, the 


-ip.oi- 

''' 'iOO/h 

Fig 22 


cff of EF (see F/g 32). 


MVicii tJf tKighli are unequal and pfated unsfjmmetneallif, their reactions 
arc best found bj the fir^t nicthotl, tint is, bj taking each m turn and finding 
the reactions proJucwl bj u Tlie reactions protluced at cither support will 
be the sum of the rtactions produced by each weight at that support 



Fig 23 


Thus in Fig 23 the reactions produced would be as follows — 



At A 

AtB 

Reactions pro luced liy tVi 

Reactions produce 1 hy "W 3 

Total reactions caused by 

Or substituting the values of W, andtts, we 
ha\e 

Total reactions caused by TTi + ty, 
i c by 300 lbs +100 lbs 

12 w. 

20 * 

H-r, 

55 800+12 100 

= 150 + 75 
=225 

20 "1 

— a\ 

tS 8«»4 '»» 

= 150 + 25 
= 175 
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The general case of two iveights misymmetricalhj placed, as shown in Eig. 24 . 



Fig. 24. 


■ Suppose a to be the distance from the abutment A to the point of applica- 
tion of Wj, b the similar distance for Wg, and I the span or distance between 
the supports. Then 

. t I — ^ TT-r I b - M 

Reaction at A = — r — x W ^ — Wg, 

V C 

Reaction at B = y Wi -b 

L V 

Several loads placed unsymmetrically . — Whatever the number of weights, 
the reactions are found in a similar manner. 

Thus in Eig. 2 5 there are five weights, Wg, Wg, Wj, the distances 



Fig. 25. 


of which from A are respectively a, b, c, d, e, and I being the span or distance 
between the supports. 

The reaction at A = Wg + Wg -f -f Wg. 

The reaction at B = ^ -b y Wg -b ^ Wg + ^ -b ^Wg. 

The weights Wj, Wg, Wg, Wg being known, as also the lengths of 
«, b, c, d, e, and I also known, it is easy to substitute the values and calculate 
tiie reactions. 

Wo arrive then at the following rule : — 

J^ulc II. — The reaction at either support cantsed hp any mimhcr 
of loads p^laccd a beam supported at each end is equal to the 
sum of the reactions at that support caused hy each load taken 
independently. 
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Of, ititivl in ntiolhcr wny, the n'ictiom al the inpports A ami H 
lir 1 number of loaiU Wj, W*. Wj, Wj, \V<„ ttc^ viU be ns follou# — 

Total reaction at A «> reaction al A of W ^ + reaction at A of W* 4 - reaction 
al A of NVj + rcnction at A of W| + Kaction at A of Wj + n iclton at A 
of I to 

SitinLarl), the total reaction at n*» reaction at H of Wj + rcaction at B of 
VTj + traction al B of + reaction al Bof \\ ,+u iction at B of \V^ + re 
action at B of etc. 

The nactions of the iiulintlual aeu^lils at A ami B arc of cotir'e fountl 

b> Bull 1. 

L<i«i I on tfi’ Siipj-orti — It is canlent that tlie Icvnl on a support i* equal 
an I oji>o«ite to tliv r-action llie support ttert* on the beam Thus in the 
ca*c {f the mm carniaj* the I»qj on a Ia«iilcr, wlim the loj is eitlni},' m the 
centre of the li'hlcr the ilounwnnl ptr^^urc on each man t* equal to the 
reaction, f r to 75 lb« , irhcn, howcTtr, the l«oa is not sitting at the centre 
of the la<liUr, but at ibc j'Wilion sliowti m Tig- 17 , the man A Ins to bear 
a downiranl pre’surc of 00 lb\ ami the mm B of CO U*» 

In onler to fiinuli'iri<‘e the student with the mctliotl of finding 
tlie reactions cqiiseil In \nn0119 /onus of laid, it trill bo well to 
take ns examples a few cases such as occur in practice. 


External Forces acting on a Girder. 

Example l.—A gmlcr All of 30 feet simn (I'lg sO) supports a 

0 





■■1 

n 


BB5I 




Fig 20. 


beam C at a point 10 feet from the column nt A Tho load 
on tiiG beam C ts unifonnly distnbutcd, and amount'*, including 
the weight of this beam, to 40 tons Tho girder AB itself weighs 
2 G tons Find tho proportion of weight to be home bj the 
column and the wall 

Tins u eight will be equal to the reaction at each point of support Since 

40 

the beam C is unifornilj loaded, it will impose a load of — = 23 tons on the 

girder AB at the point C Tho girder AB js therefore subject to two loads, 
namelj — 

1 Its own a\eiglit*=2 0 ton* 

2 The load upon it *» 23 tons 

The former is a uniformly distnbnted dead load, the reactions of whith 
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can be found as at p. 17. The latter is a single load placed unsymmetric- 
ally upon the girder, and its reactions can be found by Eule 



If the reactions have been correctly Avorked out, their sum must be equal 
to the sum of the loads. 

In this case the sum of the veights is 23 + 2'6 = 25'6 tons. 

The sum of the reactions as found above is 16'6 + 9'0 = 25'6 tons. 

The result is the same in both cases — Avhich shows the working to have 
been correct. 

If in this example the beam C had been supported in the centre of AB, 

23 

the reactions due to it at A and B would have been equal each to — = 11‘5 

Jt 

tons, and the total reactions would have been altered according^ — each being 
equal to r3 + ll‘5 = 12‘8 tons. The column A would thus haA’^e to bear 
less, and the wall B more, than in the former case. 


External Eorces acting on a Cantilever. 

Example 2 .— A Avrouglit-iron cantilever, as shown in Eig. 27, is 

bolted to awall and sustains 
^ a weight of 1 cwt. Find 
the other external forces 
acting on the cantilever. 

To oppose the downward 
tendency of W, the tAvo bolts AB 
miAst supply an upward reaction 
^ E = "W, but the proportion in 
Avhich E is diAuded betAA'een 
the two bolts depends upon 
the method of fixing. For in- 
stance, if the loAA^er bolt were 
Avorking in a slot, the top bolt 
27 AA-ould have to supply the Avhole 

’ of E and vice 

"W also tends to turn the cantilever around the point B in the direction 
of the hands of a AA'atcb, and to oppose this the bolt at A must supply a 
horizontal reaction Ej^. From the principle of the lever, or, as it is termed, 
by taking moments about B (see Appendix II.) — 

6 X W - 4 X Ej = 0 , 

or Ej = -W = cwt. 

4 


^ Reaction at A=:^x 23=15'3, 

oO 


Reaction at B=— x 23= 7'7. 
oU 
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Tlie bolt flt A nuist tlicrefoie be of sullicicnt slrengih to vitlistiud a pull 
of 1 5 cut, or in other words 1 5 cut is the 6 trc «3 in the top bolt 

The reaction R 2 at B is clearly equal to the reaction Rj at Aj, but acting 
m the opposite direction 


External Porcos noting on a Eoof. 

Example 3.— The roof shot\ n in Tig 2 8 is loaded with equal 



Fig 2S 


loads 17, at the points D, C, and E Find the reactions at the 
supports A and B 

It can be seen at once from B}minctry that the reactions must each be 
equal to IV + IIowfl\er, applying Rule II , p 20, 


B. 


8 W 24 TV 


The preceding must suffice to gire a general idei of the manner of finding 
the reactions at the supports, and of thus determining all the external forces 
acting on the bod} or structure Otlicr cases, such for example as the re 
actions due to the pressure of the wind, acting on one side of a roof, uiU be 
considered in subsequent chapters 

The next step (see p 14) is to find the internal stresses pro 
duced by the external forces, and for this we must consider the 
various structures separately, commencing with beams (Chap III ) 



Chaptek III. 


BEAMS.^ 

F igs. 31 and 32 show the manner in which a rectangular 
wooden beam, supported at the ends, breaks when subjected 
to a concentrated load greater than it can bear. The beam bends. 



sinkmg most at the point under the weight, and the fibres of the 
upper portion of the beam are crushed, and those of the lower 
portion torn asunder, as shown on a larger scale in Tig. 3 2. 



There are therefore certain external forces at work tending to 
break the beam across, and certain internal forces which are resist- 
ing this tendency to rupture. 

In order to ascertain the strength of the beam, as compared 
with any load it may be called upon to bear, it is necessary to 
ascertain the nature and extent — 

1. Of the external forces tending to break the beam across. 

2. Of the internal forces tending to resist rupture. 

^ The formula for imactical use are given in Equation 30, p. 54, and in 
Appendices YII. and XXI. 
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A uniform loi<I of sufficient magnitmh would nlso protlucc 
rupture in tlio sme , l»ut \Mth a 8h„lit difftrcnce ns to the 
form assumed b} the beam just before the time of rupture 

A\ litn n beam is supported nt both ends niid subject to a safe 
load It ^MU bend to a certain extent and the upjicr fibres ^MU be 
iti compression nnd tlic loucr fibres in tension 

}Co^^ if ^^c examine tlic external forces nctmg upon the beam in 
J'lg 33. "e see that the weight acting downwanls causes a reaction 
nt cacli support acting iipw nnls just ns in 1 ig 17 the weight of the 
bo} on the luldcr rendered it ncco^sarj for an upward force to bo 


exerted bj the man nt each end 
liic downward xcrtical force 
caused b^ the weight acting to 
wnrtls tlie centre of the earth is 
balanced b> the upward forces 
canned b\ the reaction at cacli end, 
nnd the whole structure is m a state 



tig 33 


of cquiiibnum (i< tlic beam Mip|orts the weight) 

Conicrsel} wo mai «ai that the reactions nctWQ lerticnlly 
upwanls arc balanced h\ the weight acting xcrticallj downwaids 
Ihc) are in the po ition of xcrtical forces each acting at the 
end of a lexer under tlic weight ns a fulcrum and the action is 
the same ns in bending a stick across ones knee 

Wien we consider the clfcct of these reactions upon the beam 
we «ce that each nets with n Icxcmgo equal to the distance from 
the support to tljc point immcdiatel} under tlie weight about 
xvhich tlie beam tends to break 


The power of these reactions to bend or break the beam there 

fore consists of -n ^ \ . n 

(the reaction nt A) X AC 

or of Jl, (tlio reaction at B) x BC 

licnding moment — Tins is called the Jjending moment or m 
some books, the moment of flexure 


Since the ben biif, moment of the rt action It* at C (tlie pcction of the 
beam un ler the 1) is i ropottional not onlj to the ningmtuJe of 11^ but 
also to the lexer arm AC xvjlb which it acts, it is therefore ctjiiial to 
AC X n^, 


ti erefore the bending moment due to It* at C 
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In the same n'ay the bending moment due to the reaction at C is 

CBxE„ 

= CB.^.W .... (3), 

which shows that the bending moment at C due to E^,^ is equal to the bending 
moment due to E„, a manifestly correct result.^ 

Let it now be required to find the bending moment at any 
point P. Considering the left-hand part of the beam, the bend- 
ing moment is seen to be 


AP X E,^ = 


AP.CB 
' AB 


AV. 


Now considering the right-hand part of the beam ; the reaction E„ tends 
to turn that part of the beam against the direction of the hands of a watch, 
but the weight itself opposes and tends to turn it in the contrary direction. 
Thus the bending moment will he equal to the bending power of E„, less 
that of W, that is 

= PB.E„-PC.W, 

AG 


= (PB.^-PC)W, 
PB.AO-PC.AB 


AB 

(PC-t-CB)AC- 


•W, 


PCCAC-hCB) 


AB 


W, 


CB, 


AC-PC.CB (AC-PC)CB AP.CB 

. T% ♦ » T — IT^ •>» »T-\ 


AB 


AB 


AB 

The same result as before. 

The bending moment at any point of a beam can therefore 
be found by the following 


Rule for finding the Bending Moment at any given Point. 

Consider either of the portions into which the beam is divided 
at the given point, and multiply each force acting on that portion 
by the distance of its point of application from the given point ; 
these products can be taken as positive when the force tends to 
turn the portion of the beam under consideration in the direction 
of the hands of a watch, and negative when in the opposite 
direction. Distributed loads are to be reckoned as acting at 
their centre of gravity (see p. 19). 

The algebraic‘s sum of these products is the bending moment 
required. 


^ Strictly, the distances AC and CB should be measured horizontally, hut in 
practice the bending of a beam is so small that these distances can be measured 
without any appreciable error along the beam, or in other words may be taken to 
be, after bending, equal to wdiat they were before bending. 

" That is, the positive products are to be added and the negative products 
deducted. 
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In pnctico that portion of the beam would be cliosen on 
a^luch t)ie fc^^cst forces arc acting 

Example 4.— As a simj'lc tiumcncil example let 
«.100 lbs. 


AC« C Act 1 
Cn « U feet / 


-tVB *» 20 fi.ct 


n.-^xl00.= 701bii. 


CP 


fioo/h 

St 


And the bending moment at C 

a cn X =. 14 feet X 30 lbs.. 
It 18 also equal to «• 420 foot Ib^. 

ACxn*« CftftixrOlb**, 

<a 420 foot 11»8 


As will be seen subv;<iucntl\, it is sometimes licUcr to express lengths 
m inches, and so expressed the bending moment at C uould be 
n 420 X 12 » 0040 inch lb* 

Further, if the loads arc cxpre«sed in cwt*. the Ixndmg moments ssill be 
cxpresj^l in inc7t-etrf/^ and in ttieh tcM if the loads are expressed m tons. 


BLNT)IXG ^lOMLKT UXDEU V..U1IOUS CONDITIONS' 

‘NVe proceed now to consider the Binding Moment or Moment 
of Flexure caused tu n beam fixed or supporteil in tnnous wajs 
b} the dificrcnt distributions of load that mo most likelj to occur 
in practice 

Tlie following will bo the notation used throughout — 
MssBcnding moment or moment of flexure m inch pounds, inchcwt^jor 
inch tons, according to the denomimtion in which 11 and le art expressed 
51^ »= Bending moment at centre 
lf,= ilonient at point P 
M,*" Moment at point S, and so on 
A and B art u*ed for the points of support 
W ■= Total M eight on the beam in lbs , cwta, or tons 
w = 1\ eight per inch run of tlie beam in lbs , cm ts , or tons 
/«» length 1 of the beam, 

6 as breadth > all lu 
d as depth ) inches 
>s Beaction at support A 
B.asBcaction at support B 

* ThtformnlcB for frad cal it$e Mill be found numbered 4 to 27 on pp 28 to 40 

also in a condensed form m the Table with Aj pen lux 1 II 
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Case 1. BEAM FIXED AT ONE END AND LOADED AT THE OTHER END. 

To find the bending moment Mp at any point P, consider the poilion 
PE of the beam as shown in Fig. 35, then by the rule (p. 26 ) the bending 
moment is equal to the weight W multiplied by the leverage with which it 
acts, namely PE. 

Now if X be the distance of the jioint P from the wall, the leverage 
with wliich W acts at P is (Z — x), therefore 

Mp = W(«-x) .... (4). 


Fig. 35. Fig. 35a. 

At the wall A the weight will be acting with the leverage of the full 
length of the beam I, hence = .... ( 5 ). 

At the point E the leverage is nothing, and the bending moment 

M„ = 0 

Graphic Rejnxsentation . — The above 
can be shown graphically thus : — 

Draw AE (Fig. 36) as before.^ Plot 
A/ vertically to represent "Wl (the bend- 
ing moment at A) to some convenient 
scale of inch-tons to an inch.^ Join E/ 
and draw Pg parallel to A/; then Pg 
ndll represent the bending moment at 
P, for, by similar triangles, 

Fg _l-x Mp 

so that Pg and A/ are in the same 
proportion as the respective bending 
moments, and the value in inch-tons of Mp can be ascertained by scaling 
the length of Pg. 

Case 2. BEAM fixed at one end, loaded uniformly. 

Here if lo is the load for unit of span the whole load is wl, and at the 

^ This and the similar figures following are merely grapbic representations of the 
results obtained algebraically. Appendix VI. shows a. graphic process applied to 
obtain the results themselves. 

- For instance, supposing M,, is 100 inch-tons, then if a scale of 100 inch-tons to 
the inch is chosen (i.e. one inch represents 100 inch-tons). A/ will have to be made 
1 inch long. Supposing Pg is measured and found to be 0‘65 inch, then Mr=65 
inch-tons. 
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roiiit A (I ig 37) it nets \Mtli a m«m leverage equal to tlie distance from 
It*! ctntre of griTity to the point A 


The load tending to l>cnd the beam about nnj section P is tfrnt upon PC, 



-a), anti it acts mill a lererage equal to tlic distance of its centrv of 
gnrit' from P, thcroforc 




Graphic Bepresentalwn — This ca*e maybe abonn graphically, as in Fig 39 
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wP 

Draw AE as before, and A/ =~to represent the bending moment at A. 

Draw /E a parabola with its vertex at E ; then the ordinate dropped 

w(l -xf 1 , -u 

from any point P, distant x from A, will be equal to — , which is the 

bending moment at that point.^ 

Simpler Construction . — To be of ready practical use, a simiiler construc- 

tion is needed. Now if A/ is made less than a circular arc drawn 

through /, and tangent to AE at E, udll practically coincide with the required 
parabola, and can be used instead of it. 

Tins is shown in Fig. 40, the circle being in full and the parabola in 
dotted lines. The value of the above limit as to the proportion of A/ to AE 

AE 

is shown on the same figure, where A/ is made = — and the divergence 

between the circle and parabola is seen to be not sufficiently great as to lead 

AE 

to erroneous results, but in the case of A/' which is equal to — the error is 
'een to be considerable. 

An easy method of finding the centre of the required circle in such cases 
is also shown on this figiiie. EC is drarni perpendicular to AE, E/^ is joined 
and bisected at h, and iC is drawn perpendicular to E/^. The point of its 
intersection with EC is obviously the required centre. 


Case 3 . BEAJI FIXED AT ONE END AND LOADED 'WITH A UNIFOBMLY 

DISTRIBUTED LOAD, AND ALSO 'WITH A CONCENTRATED LOAD AT 
ITS EXTREMITY. 


This case (Fig. 41) is a combination of Cases 1 and 2. 



’ For a proof of tliis, rohrtiicc may be made to any vork on conic sections. 




ncA mo.vcnt 3 « 

ilnpnni from I'jg 3O Kmg i loltcti alfcnf, atnl tint fnim Tig 39 IjcIow 
the Kim AK* 

Tlic Kndjng moment it A m»U K the »«ni of the bcjj'Iing momonti 
ciUN.!! hv W nmi ti irf, k» lint, comtintng Kpwlion Ti vjth hI<niAtlon G, 
trP 

(8), 

►.a;.+a/, 

f (1c«a the thteknen of the Kam in Fig 4 s). 
Comlinmg Ditnimn 4 i\ith Ff^HiUon 7, . 

(9), 

M Pi + the tiuckncMof the Kam) 

It i» not a 1 vhjteleeom'ct to m tint //-the Umhng muncnt at A, nn 1 
tint ir«* the Wsnlmg momrnint P.-forit i* ohinm* tint the depth of the Kim 
mmt l-e dediiclitl fn m 1110*0 onhmte*, or tin. beam iiiu«i Us rx.prc*c!itii! b} 
a mvle line >\1 1 n dmnirg the ilnpmm* 

llin ca*e laonll njjiU to n I'tlconi crottdc<l with people nn<l Iniing a 
\<r} heaiT nilitig 

Cltv 4 (Ktj» 43 ) — iJjjtM n\iD AT OM rst> am' Lovmn ^^IT^ 
co.stJVTi irM> MMUir* W,. W. Wj, itc 
Tlie Killing inormnl nt am I'omt jro*lMee<l It all the irciAit* m cijual 
to the lum of the Kndtng moment) ] rvdueetl 1 3 e ich nt timi f^int 



Kg U 

Graj-he FcprtKnlaiton (Fig 44X 


Draw Ae«» Wjf nnd join Fe, 

f/ “ nml join F (the jwint on Ee nmkr "Wa) i\ itlj /, 
fj •* s^3 ^ I'omt on Yf under AVj) u ith rj 

It 19 CMdCQt tint 

iL«‘W,r + -VY 5/5 + '\V 3 / 5 . (lOX 

«Af+e/+/y«Ay 
At anj point P di«tant x from A 

31, « 3Y,(/ - z) + VrjU - r) + AV/I, - x), . {11), 

-pi+v+y »!’* 

* Both diagramn mu«t l« j lotted to the same scale— that is, the same number of 
inch tons or inch lbs to an inch must be taken for both 
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Case 5 (Fig. 45 ). — ^beam eixed at 0x1 end and suppoeting a 

LOAD UNIFORMLY DISTRIBUTED OYER A PART OF ITS LENGTH. 

Z being the loaded portion of the beam 

At the point A = wzi^i + y) .... (12). 

At any point Q in AB distant a;' from A 

Mq = wz(^z + y-x) . . . (1 2 A). 

At any point P in BD distant x from A 

Mj, == iv(z + y-x)xl(z + y- x), 

, =^o(z-^y-xf . . . (12 B). 

At the point B Me = w x = |■^U22 . , . (12 0). 

At the point D Me = 0- 

At any point in DE M = 0. 



Pig. 46. 

Gu'ayhic Representation (Fig. 46). 


Draw AQ = 'Mj^ = wz{^z + y) and join G and the middle point between 
B and D. 

From B draw the vertical line BF,^ cutting the line from G in F. 

Between the points F and D (the points immediately under the extremi- 
ties of the load) draw a semi-parabola as for a beam BD uniformly loaded 
(Case 2). 

The vertical distance between GFD and ABD at any point gives the 
bending moment at that point. 


Case 6 (Fig. 47). — beam supported at both ends and loaded 

IN the centre. 



^ If BF be made less than — , the parabola can be drawn as a circle. 




Iil:A^fS^HFXDr^'G MOMEtXT 


>r« » Ucaclion at A or IJ x IcNtraK**, 


llciction at A or It" - , 


Ilcnco 

At am jwjnt V 


M,i 


W / \\l 
“2 2*' 4 

(13) 

-J(H 

(14), 

"0. 



ffroj>Atc /.Vj’rrwnfnfiCH— I'jp* 48 »liow» ltii< CH*<* pnplufillj 
Dnw CD to rt-irc'cnl to lonie fomciiunt »calc >5^ 




Jom 

Al) and DD, tlicn iIk icrlJcM di«tnnct from AH to AD or DU at au\ j>omi 
tliti Icxim;* numxnt at tint p<imt 

Tliiii rr i< tin. Ijctiiling tnotucnt nt I* and c<iin1 lo 

CVtv 7 (Tl',' dO) — «II-OITff» AT ItOTil FAf^S AND 
IMIOKMU l/)AI>EI> 

AccotrljUn’ lo Ojc rule prt» at jv i’O tin rracJjon 11^ products a 
I>o*iliTe Wndmg tnomcni at C « x j, and llic load on AC prodiicM a ncgi 

lira binding moment In llio ojnwJitc direction at C x ^ 

QGQQQGO QQQCXX3Q 


Hence tlio bending moment at C ts 



,, tri t vl t trP 

2 2 2 I 8 


(15) 


To fmd the bending moment at nii\ point I’ distant x from the centn. cf 
the buini, consider the jwrtioa Al’ of the beam, then bj the nilc — 

I 
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Graphic lieprcsontation (Fig. 50).— As in Case 2 tlie bending moments are 
grapbically represented by a portion of a parabola ADB as slio^n in Fig. 
50j and if a suitable scale is cliosen so tbat CD is less than ^ AO oi -g AB, 
the arc of a circle can be used instead of tire parabola witbout appreciable 
error. The method of drawing a parabola is given in Appendix III. 

To obtain, therefore, the bending moment at any point in AB, plot CD to 

represent ^ to some convenient scale, so that CD is less than ^ AB. Draw 

a circular arc through the points A, D, and B, then PQ will reiwesent the 
bending moment at the point P ; P^Qj the bending moment at Pj^, and so on. 

The bending moment at P can also be obtained by considering the portion PB of 
the beam. It will then be found that ? ^ 

fl \2 “ icUl \ 

Tire same value as before but with a negative sign. This difference in signs 
expresses the fact that the forces acting on the portion AP of the beam tend to tiuar 
that portion in the positive direction, i.c. in the same direction as the hands of a 
watch, whereas the forces acting on the portion PB terrd to turn that portrorr nr the 
negative direction. 

The uraxrrnvun bending momerrt occurs at the centre of the beam, and is 
— , Now wl is the total load, which is wrrtten AV, so that 

Cornvarison between Central and Distributed Load , — On referriirg to Case C 

m 

it will be seen that a central load W produces a bendrng monrent — at the 

centre of the bearrr, that is, double the bending rrromerrt produced by a urri- 
fornrly distribirted load of the sairre amount. In other words, the safe dis- 
tributed load orr a beam is double the safe correentrated load at the cerrtre. 


Case 8 (Fig. 5 i ). — beam supported at both ends, loaded in 

CENTRE AND ALSO UNIFORMLY, 


Tliis is a conrbinatioir of Cases G arrd 7 . 

Graphic Jlcprcscntation . — In the graphic reprcsentatioir, Fig. 52, the 



diagram of bending moments for the distributed load ui is below, and that for 
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the single lo^id W i3 nbo^e the line AB It will be ca®ilj seen that 
the tetnl bending niomcnt at the centre a»AIp for the central load + 31,101 
tlio distributed load Therefore, coiiibimiig 1 qnalion 13 iMlh Bfiuation 15, 
Mc-M, forW + M,foric/, 

“ 1 + R (17) 

And further, by combining Equation 14 with Equation Hi, 
furW + M,.for if/, 

= (18) 

It will be ob«cr\cd that the bending moment at an\ jiomt of the beam 
can be obtained b^ adding together the ordinate of tin, triangle and of the 
cur%e at that jHiiiit 

Case 9 (I'lg 53 ) — dlvm suppoutfo at noTit i.nds ioadld 

AT ANY POINT. 

Ill thw c\e the maximum l>cnding moment is at D, the point of applica 
lion of the load "IVith rtgard to the n. iclions ot A and B see pi" 

U / ^ Chvt 

U -i- n — 1 


)<.-q 

fn.s^w 



Fig 53 Fig 51 

Here the licnding moment umncdiatelj ttmUr W is 

Beiidiu^ moment at 1) = «■ reaction at A x kxcrage, AD, 

= x(/-m\ 

= '- 7 — 'w (I 

■ Slo= - reaction ot B x le\cra,ji., BD, 


At any point P m AD to the left of and at a distance z from W 
31, = B* X lever ige, 

«= j \Y X (/ - m - *) (20) 

At any point Q in DB to the nglit of and at a distance y from W 
31, =5 — II, X lescrage, BQ, 


M* and M, eadis^O 
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Graphic Representation . — The bending moments are represented by a tri- 
angle, as shown in Fig. 54 . 


Case 10 (Fig. 55 ). — beam suppoeted at the ends and 

PAETIALLY LOADED AVITH A UNIFOEM LOAD. 

Fig. 5 5 shows the maimer in which the beam is loaded, and the values of 
the reactions and R^, are as follows : 

Z — -j- n 

2 (l — m — n){l — m + n) 


R^ = (Z — m — n)iu x 


I 

I + m — n 


21 


lU, 



Fig. 55. 

The distance of any point (P, P', or P") from A will be called x, and from 
B the distance will be called y. 

The bending moment at any point P situated between A and E is 
Mp = R,^ X cc, 

(Z - m + n)(l — m — n) 

g . . . (22). 

^ Similarly the bending moment at any point P" situated between F and B at 
a distance y from B will be found to be (considering the portion P"B of the 
beam and neglecting the negative sign) 


“ 21 


ivy 


(23). 


Lastly, the bending moment at any point P' situated between E and F 
is equal to . . x-m 


Mp/ = R^ X cc — (a: — m)w x 

_ (Z - m -f- 7 i)(Z — m — n) 
21 


.IVX — 


(x - mf 


. IV (24). 


It can also be shown by the application of the differential calculus that 
Mp- is a maximum when 

Z 2 + „, 2_„2 

»= a ■ . • • ■ (25), 

Graphic licprEiealation . — Itnill be found that if the distributed load over 



DCAMS-^BENDING MOMENT 
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rr vrcrc concentrated, one Inlf at K and tlie other half at T, that neither H* 
nor R, \ro«W he aUerc<I in ^ ilue, and hence 3f, and ironld nl«o hfii e the 
fame Mine But the henJing moment at I** noull he changed and nould. 
he tcjual to 

— % - m), 


■\l _ (i- w+» X ^-w- ») 0-f> 


therefore 


Fig 56 rcpTc'cnta the part EF of the hcam hj itself, and it Is clear that 


oTto 


ij: s " 


Fig 5C 

/ — jn » n *• ; and if s is the distance of P from the centre of EF, 


Hence 


It will therefore he seen that the bending moment at P is greater nheii 
the load is di«trih«ted than s\hen it is concentrated at E and F And further, 
hj referring to FquationlOjitmn he seen that tlie increase can ho represented 
graplncalh by the ordinate of a parabola as shown in Fig 57, or pricticallj 

hj the ordmale of an arc of a circle, if is represented by less than ^ 

^lOW the diagram of bending momenta, when the loads are concentrated 
at E and F, is as shown m Fig 58, nhere 

rQ«R*xm»' ^ i im, 


FQj = n»xn= 


(l+m — nXt - w — «) 
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so tliat tlie diagram, when the load is distributed, can he found by adding the 
diagrams in Figs. 57 and 58 together, as shown in Fig. 59 . 




Fig. 59. 


Instmctiva lessons can be learnt from this case by varying the values of m 
and n. 

Supposing, for instance, tliat ni=:n, then the maximum bending moment vdll be 
at the point for which (Equation 25) 

I- 7 
^ 2l~2’ 

ttiat is, at the centre of the beam, and the bending moment at that point, from 
Equation 24, will be o i > 

i\r ^ ^’0 

2/ 2 2 


I w. 


2 I \ 




. w 


(26). 


If now 7)1—0, so that n is also 0, that is, the load is distributed uniformly over 

the whole beam, then Mc=— . w, 

8 

tlie result previously obtained when considering Case 7 (Equation 15). 

Again, if 7 )! = -, that is, the central half of the beam is uniformly loaded, 

r - 72 
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The moment at any point P distant x from A is (if P be between Oo and Og) 
Mp = Reaction A x leverage - weights between P and A x leverage, 

= ^ :c-Wi(a;-7«i)--\Vg(a^g) (27). 

GraiMc Representation^ (Fig. 6o). — In the graphic representation the dotted 
lines show the triangle of bending moments due to each load separately (see 


Tims A?-jB is the triangle for 

Ap„B is the triangle for Wo, 

AjgB is the triangle for Wg. 

The bending moments caused by all the loads are represented graphicallj* 
by a polygon, which can be obtained as follows : — 

The bending moment caused b)' Wj imniediatelj" under itself is o^rj, the 
bending moment at this same point caused by the weight Wo is and the 
bending moment caused by Wg is ; the total bending moment at this 
point caused by W^, Wo, and Wg is equal to o^?'j + o^2h + ®i7i) 
equal to this. 

In the same way the total bending moment at Wo is found and set off as 
Ogig, and the total bending moment at Wg ns Ogfg. 

J oin Ai^, t^tc,, and fgB, and the polygon of moments is obtained. 


MOMENT OF EESISTANCE. 

The application of the preceding rules enables ns to ascertain 
the effect produced by external forces acting transversely upon a 
beam — that is, in other words, to calculate the lending moments 
produced by loads or other external forces. 

The next step is to investigate the nature of the resistance 
offered to these forces. 

This resistance is afforded by the internal structure of the 
beam, which, for instance, consists in timber and wrought iron 
of a number of fibres lying closely together and rmining in the 
direction of the length of the beam, but in cast iron of closely 
adhering grains. 

Tliere are two methods by which the value of this resistance 
can be ascertained — 

1. By reasoning upon certain assumptions. 

2. By experiment. 

Of these two methods the first is not practically used in the 
calculation of beams of rectangular cross section, but its applica- 
tion to them is described somewhat fully in detail, in order to 
clear the ground for the better understanding of the calculation 
of beams of more complex section. 

_ Method of Ascertaining the Moment op Resistance by Reasoning. 
— Tlie effects produced upon tbe fibres of a beam by external forces acting 
upon tlie beam may be shovTi as follows : — 

^ See Appendix VI. where a similar case is worked entirely by a gi'aphic method. 


US-^^fOMHAT or urs/^TAAcr 


4 J 

Let Fig 6 1 rcprc‘'Oiit tv stniglit rwfnnf/MMr Ix-nm j«pporto<l nt A and B 
and I ig 6iaacro‘ii section ofthcievnieljcam. Mark upon the beam tvvo \ crtical 
straight lines op, qr, and nl«o a line Mj drawn parallel to the length of the 
beam and inulwaj of Us depth, and iiilcRCcttng op in n and qr in I 


0 <t 



tig Clfl lig 61 


Tlic 1 eun can lx. consi lero<l ns made up of loruontal Uvers of fibres, so 
tint 07 will rcprceent a |»?tif)n of the top h}cr and pr of the bottom hjcr , 
>L will ropu'ent the ctiUnl laicr, iil a portion of it, anl nl nnl rj jortions 
of inttnne<hate livers. 

If the beam lx. non sligbtlj bent os m big 62 (where, howci tr, the bend 

I 



Fig 62 

ing IS exaggentM to make the ease clearer), it will be found that the lines 
op and fpr, ongmall} icrtical, arc itichiicd inwards, and tint remains 

imcliangel m kngtli. It therefore follows at once that 05 and cd are 
shorter thin oq and 1 1, but tint p r on I . 

tf are lon„cr thin jr ntxl rf 1 1 

Fjg 63 is on cnlaigcment of the 
central part of Fig 62, and OjPj Ini j I 

been draini through « pinillel to qr, 
clearlj o^o and CjC arc the amounts by 
w Inch oq and at ha\ 0 been shortened 
bj the Iwndinp, and simihrlj ecj anl 
ppj are the amounts by winch e/ and 
j r have been lengthene 1 

It LI evident, therefore, tint all the 
fibres above «l have been compressed, 
and thoic below nl extended, by the 
ptre«i put upon them by the bending 
action 

Only the fibres in tlie layer repre 
sented by LL ore uninfluenced by the 
bending action , they are neutral, Inv 
ing neither compression nor tension to resist. This layer of fibres is called 
the neutral layer 
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If a cross section of tire beam be made, tbe neutral layer ^ will be 
intersected in a straight line (00, Fig. 6 1 a), and this straight line is called the 
neutral axis. 

As already mentioned at p. 24, if the bending of the beam were carried 
far enough to produce cross breaking, it would be found that tbe fibres at 
the cross section of maximum stress above the neutral layer were crushed, 
and the fibres below were torn asunder. 

It will therefore be seen that the resistance of the beam to bending is 
afforded by the resistance of the fibres above NL to compression and of those 
below NL to tension, and the question is, How can we arrive at the value of 
this resistance 1 

Figs. 64 and 65 may make us understand more clearly exactly what it is 
we wish to find out. 

Iw 


t 



Taking a simple case of a beam supported at both ends and loaded in the 
centre. 

Fig. 64 shows the general direction of the forces which produce the 
bending moment and of those which offer resistance at the cross section CD 
under the load. 

and tlis reactions at A and B respectively which act with a 

leverage equal to liaK the span of the opening, i.e. AC or EC, and 

R^xACorl .1 1 j- 

= the bending moment. 


R„xBC 


}=' 


Supposing now that the beam is cut across at CD and separated, the load 
being also divided equally ; and that by some means the stress on each fibre 
is maintained exactly at what it was before the beam was cut ; the two halves 
of the beam will clearly remain in equilibrium, and the state of things is 
represented in Fig. 65. 

Considering the left-hand half of the beam, it will be seen that the forces 
R^ and tend to turn that portion of the beam in the positive direction, and 
that the internal stresses tend to resist it in the negative direction. The forces R^ 


^ The neutral laj’^er is sometimes called the neutral surface and in some works 
the neutral axis. 
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For exnmiile — If a compression of 1 ton per square incli shortens a fibre 
by TTj’ jjijth of its length, a compression of 2 tons per square inch on the fibre 
v.'ill sliorten it -nfoTjth'^ of its length, 3 tons -j-J*^ths, and so on, up to the 
ela=:tic limit ; and in the same svay, if a tension of 1 ton per square inch 
stretchc= a fibre stretch it yo~o o^^^> ^ 

o tons 

2 . That the amount of. shortening produced by a given stress causing 
compression vill be equal to the amount of stretching produced by an equal 
“tro'S causing tension. 

Tims if a compression of 1 ton per square inch upon a fibre shortens it 
■i~uV.7^^' of its length, a tension of 1 ton per square inch will stretch it 


of its length, and so on. 

. 3 . Tiiat tlie amount of stretching or shortening in a fibre is proportional 
to its di'tance from the neutral axis of the section under consideration.^ 

It follow 3 from assumptions 2 and 3 (see Aiipendi.x IV.) that the neutral 
a\i'; ])a-"0S through the centre of gravity of the section. 

Thu« if CDEF (Fig. 66) rojiresents the ci’oss section of a beam 12 " deeji, 

then 00, the neutral axis, is to be diawn 
through the centre of gravity of the cross 
section, that is in this case mid wav between 
CE and DF. 

o I \ 5.4— y o ^ 

ES „ 4 inches ,, 

TU „ 4 inches „ 

VX ,, b inches ,, 


s- — 7 I 

J i 

I 

Q-rx i >!. 

-- i-f-f 


U—i 

fx— - 

F 


rig. 


CO. 


times that at PQ. 
stu'tching at 1 )F — 


then the shortening of each fibre 
l.iyer RS will be four times that 
fibres at PQ ; the shortening at 


111 

of 

CE 


the 

the 

six 


Tlie stretching at A’X will be -J- of that at TU, and the 

— J that at TU. 

In tlie (Mvi- iiiuler consideration, it is to be ob=erved that, owing to the 
ueiiu.d axis being midway between CE and I)F, the amount of shortening 
of the fibit’s at CE i.- e<pial to the lengthening of the fibres at DF. 

It will bo ..-e* n that in Fig. 63, and o'vp’ aie drawn as straight lines, 
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The mean compression on the fibres above the neutral axis vill be 
that represented by qq tons) at a point q, half-way between 0 and the 

extreme fibre. 

In the same way the mean 
tension on the fibres below 
the neutral axis is rr' = 3 tons. 

This mean compression 
acts over a surface 6" x 1", the 
total compression is therefore 
6" X 1" X 3 tons= 18 tons. 

Ill the same way, below 



G ions 


G ions 


the neutral axis the total ten- 
sion is = 3 tons X 6" X 1" = 18 
tons. 

We have then in Fig. 69 a cross section of the beam, and in Fig. 69a a 
diagram wiiicli shows the resistance offered by the fibres (equal to the stress 
upon them) at any point in the cross section, and also the total resistance of the 
cross section both in compression and tension. The diagram also shows us 
how this resistance is distributed, i.e. that the fibres at the neutral axis 
contribute nothing to the resistance, but that the resistance of the fibres 
increases in proportion to their distance from the neutral axis until it reaches 
a maximum in the extreme layers of fibres CE and DF, where each undergoes a 
stress equal to the limiting stress of 6 tons per square inch. 

Geaphic Method op Finding the Moment op Resistance.^ — It is, 
however, convenient to combine the cross section 
of the beam with the diagram as follows : — 

Draw the cross section of a beam CEDF as 
before (Fig. 70), and make a new scale of tons 
in which the length CE = 6 tons, the limiting 
stress per square inch, and draw the stress dia- 
gram (Fig. 71) similar to Fig 69a above. 

Fig. 72 is merely a modification of Fig. 71 
and clearly gives the same results, and can be 
inserted in Fig. 70 as shown. Now the area of 
the triangle CEa is half the area of the rectangle 
CEOO, and, therefore, the total compression is — Fig. 70, 

= area of rect. CEOO x 3 tons, 

= area of triangle CE?*. x 6 tons, 

6x1 

= — — X 6 = 18 tons, 



Fig. 72. 


the same value as before. In other words, a compression of 6 tons uniformly 
distributed over the triangle CE?i is equivalent to the actual compression 
existing at the section of the beam. And in the same way a tension of 6 
tons uniformly distributed over the triangle ?iDF is equivalent to the actual 
tension. The areas of the triangles CE?* and 71DF can therefore be called the 
equivalent areas of resistance. 

In the case of beams more than 1 inch wide, the application of this method 
of showing the quantity and distribution of the resistances is very simple. 

Stresses in Beam 4 viches wide . — Thus a bea m 4 inches wide and 12 

^ This metliod is described as it illustrates the principles and for the sake of those 
who prefer drawing to calculations, but it is easier to use the forinuhe, p. 54. 


niwi yfs-- ^fo i/z.iV7 or rlsistancl 
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inches deep i« llic Jimc fts four I'oams c-ich nn inc^i wide nn 1 12 mclics deep 
(»ucli ns lint Me ln\c I cen considenii}!) placed udi. 1} pule. » 

Tlie dnpnm pliowm^; the intmpitj of itrc«3 on llic fibres of euch n Knm 
will l>c the pnmc ns before (1 1>; 691). 

In the dn^nm (I 73) pIiomiu^ the qiiintits nnd ih«tnbulion of sirc««, 
n» there nrc 1 inches m Cl’, inch nclctl upon l»j n Ptre«s of 0 1« ns j cr squnn, 
iiich, CE wiH represent 4 x 6 » £ I ton« CF« will be the tqtutaUnt art 1 for 
comprt»*ion, and nUF the iquivilcnl aren for tcn«io)i 
'1 he ah t CEn « j x 1* x O', 

«» 12 pqinre niche* 

Tlic rr*islmce to coijjj»rr*sjoii of CK«»aO lonsx 12 Hiinn. jnchc'*, 

»*T2 ton^ 

Tin. t<.n»il<- rcsi'tmci, of tiDr«* \ x I' x 0' x C ton*, 

«!• 7 2 tons 

< r m onch east fi ir times ns much ns the re*i*Lincc (18 tom) of the btsm l* 
wi le an 1 12’ desp 

In the psinc wax the te»i«tnice of nn\ Warn mas In. 
f un1,MhatcscrU*bmllh,d i ih, and plniif^tli of fibre 
In nil the**- d!a,.niins it Mill W iiotiml that the 
iquualenl arva repn.-' nliti,* femion is Mpial to that 
TTpreo-ntiny com] re* ion It is ta i lent that this mu«i 
K the ci*e, fer if the total t »mpri'j»ion nl»otc tin __ 
neutral nxis mcix iirl equal to the ti,n«i«n UloM.iheru 
siould not Ik equilibrium 

I’aliitfl/ dfeneiit 0/ /fo/'encr —llnMns thus drawn 
the triangles pIiomiii" thv niimiml and dntnbution of 
the n.^i«tiiicc of the cro'i pcction, it Mill W ca*s to 
ascertain the a aliie of the moment of n sistnncc, mIikIi, 
as cxp1anu*<l at i\ 11, Ini to b*. walv cijual to the 
Knilin,^ moment pnxluccd 1 j the load 

It M tU mahe the t,eiKnl nik more char if mc deal fir l m il!i a particular ease 
I/*t us take the ca«a mc ha\c nlreads Ucn cotwknnj;, that of a beam 4' 
Mule nn I 12* ilccp, lia\iii,;a limiting Ptrv's upon the cxlh.ine fibres of C tons 
jxT square incln 

It < knon from p 4(5 that tho amount and di‘tnb»tiofi < f the re‘‘i«tance in 
eompias um is ehoMii bj the triangle Cl'ti, that m Icnomn bj iiDF, li^, 73 
This diagram tells us Ibiji that if C lorn jKr square null according to the 
scale Mcia. acting uniformly all our the tnaii„le CLn, it Mould olkr in 
quanliU and distribution exactly the same ix’i tance ns is ofTcred ba tlu. a ar% 
mg stress mIhlIi ncluallj occurs oxer the rcctau^k CFOO Again, the actu il 
aarjing ten<ioii on OODF is iei»rti*cntc<l in quantitj and distribution b\ G 
Ions (on the scale) per iqiiart inch acting umforiHU all o\ cr the triangle tiDF 
Now if G tons axerc acting on each e piare inch of CFn, x\c know bj the 
tkmenfnry ruks of inccliaincs that it xvili be the eame tiling if mo consider 
the total number of tons acting oxer CE«, 03 being concentrated at the centre 
of grai ity and acting there 

The centre of gnixitj of CE» is at the point c, and that of iiDF at <7 ^ 

It lias been shoxxn aboxv that the total compression is 72 ton*, and that 
the total tension is the same. 


rt —4 -H 



Ftp 73 


c IS 2 inches or J of en from e, ffis 2 inches from f 
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The resistance of the cross section is therefore equivalent to t\vo forces, 
each equal to 72 tons, and acting at c and g. 

On reference to p. 43 it vill be seen that these forces form a coujylc, 
whose moment can he found by multiplying one of the forces by the dis- 
tance between the forces, or, as it is called, by the arm of the coiqilc, in this case 
eg. The moment of this couple is clearly the moment of resistance required. 

The moment of resistance of the cross section under consideration is 


therefore = 7 2 x c jr. 

These centres of gravity are found by bisecting CE at c and EF at f~. 
joining ef and taking ec ai^d gf equal to ^ of en and nf respectively. 

Now eg is evidenth' equal to cn + vg big. 73) 

CH — =5X0 = 4 , 


or the moment of resistance 

7j >] 


ng = ^11/= 5x0 = 4", 
eg = 8", 

— 72 tons X 8 inches, 
= 57G inch-tons.^ 


o 



Safe resistance Area — General Case . — Now 
to l.akc a general case (Fig. 74). Suppose the 
breadth of the beam in inches is called h, the 
depth in inches (?, and the limiting stress to 
be allowed on the outside fibres r„ tons per 
square inch. As in the previous case, the 
triangles CE?i and 7iDF are the equivalent 
areas of resistance each \hd, the stre.'s being 
tons per square inch. The total compres- 
sion is therefore r^ x \M, and the total 


Fig. 74.= 
Thus, as in Fig. 73, 


tension has the same value. 


en = ng = 


O 

3 



so that the distance eg, or the length of the arm of the couple, will be 

^d-{- Jd = |d. 

Resulting Formulcc . — The moment of the couple, i.e. the moment of 
resistance required, is therefore 

7o X \hd X i rjbd-. 

We have now found a general formula for tlie moment of resistance of a 
rectangular beam, in terms of its breadth, depth, and of the limiting stress 
allowed upon the extreme fibres. 

The method by which this formula has been arrived at is shown step by 
step in the preceding paragraphs, and as the formula has been deduced from 


^ Another way of looking at this is ; The fibres in CE?i. act with an average leverage 
equal to the distance from their centre of gravity to the neutral axis =c?i = 4 inches ; 
in the same way the fibres of riDF act -with an average leverage of 4". 

Thus rve have total resistance 

tons tons 

CEri X 6 X 4" + rrDF x 6 x 4", 

= 72x4 -t-72x4, 

= 576 inch-tons. 

= The shaded portions of this figure represent in magnitude and distribution the 
stresses over the section of the beam — just when the extreme fibres on each side are 
subjected to the limiting stress. 
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5 by calculation from the diagrams are the same as the moments of resistance 
found in column 7 from the formula. 

Moreover, we see that the width, etc., being the same, the moment of 
resistance, i.e. the strength of the beams, varies as : 

16 : 36 : 64, i.e. as 
4= : 62 : 8^, i.e. as 

the squares of the depths of the beams. 

Effect of width u]}on strength. — Let us see the effect of varying the width 
upon the strength of a beam. 

Take beam C, and instead of 2", give it first a width of 3", then of 4 ', 
then of 6", calculating by the formtila we have ; 


Size of Beam. 

Value of Moment of BeaKtance 

M2 

’•‘’IT- 

8" X 2" 


8" X 3" 

3 X 3 X S X 8 ^ 9G 

8" X A" 

3 X ® ^ ® = 128 

8" X 0" 

3 X ® ® ^ ® 102 


G 


We see from the above that when tlie depth remains the same the resist- 
ance or strength of the beam varies as the width. 

Tlius the resistance of a beam 6" wide is one and a half times that of a 
beam 4" wide, twice that of a beam 3" wide, three times that of a beam 
2" wide. 

General rule. — ^^Ve see then, as ali'eady mentioned at p. 49, that the strength 
of rectangular beams of the same material vary directly as their breadth and as 
the square of their depth. 

This indeed is apparent from an examination of the formula, for the 
resistance of the beam is shown by that formula to vary as bd“. 

General Forinxila.— This formula, 

bcff 

Moment of resistance = 1 \ — . (28), 

6 

is therefore, as has been mentioned above, a general ex- 
pression for the value of the moment of -resistance of a beam of 
rectangular section, when it is subjected to such a load that 
the limiting stress on the fibres nowhere exceeds the elastic 
limit of the material.^ 

If the assumptions mentioned at p. 43 were true for all conditions of stress. 


^ This formula is practicalh^ the same as that given by Eankine and other 
writers, who have approached the subject from the side of advanced mathematics. They 


show the moment of resistance to he 


equal to 

Vo 


where I is the moment of inertia of 




i»r/i J/^— J/0 VhiVT or JiLSISlANCC 


tint IS, if tlicj true fore\tr> degree of slrcf-s from verj snnll ones up to 
tilt 1 rcikiiig point, then r, uonW 1*0 that \aluc of the stress either of tension 
or compression wliicli uos known to cnu«e miturc l») tnriiig or crushing m 
the lihrts tf the m ittri il, niul could he nsicrt-nucd h\ direct exj iruiierits 
ui>on the tcii«ilt stMi^th anil rc«istince to comj ivssion of the iinttrnl 

rxptnimnt has shown, however, thit tlic-e n»siniipttoiis art true only for 
stresses such as an. well withm the tlastic limit of the nntcnil, the shorten 
iiig or Itngtlicmng of the fibres vataing rcgiiHrlv with the comprt«si\c or 
ttti<ile ftres,«ts (see p 1 1) so long ns the ela«lic limit is not ctcmlcd Dejond 
lint, tilt nlioa of the shortening nn 1 lengthening to tlm corrtsjHJiiding stresses 
producing them advincc more nnd more rapidly until, on approaching 
fncturt, thtv become irregular, Imtalwav 8 coiisiderahlj in excess of what thtj 
were undir the lower stresses. 

Tlic cfTcct of stresses m ttnsim often differs nI«o from tlie effect of the 
same «lressi3 ui conn ns«ion, and the nsult of all this is that the position of 
the neutral axis is nlloreil — it no longer j>a«s?s thron„Ii the centTG of gravity 
of the cross section , e j if the nnterial is at the jwint of rupture stronger to 
resist compression than ttns» «,ihc niutral axis will then he nearer the outer 
most fibre in compression than to the out«rnio t fibre in tension Tlius m a 
heam of such material, siipporto«l at both ends nnd loaded, the iieutnd axis 
will !« nearer the lop tlian the lottom edge 

This difference lietweeii ficts and the a.««umj tion«, at the time when the 
hitaking strops is appro ichcd, renders the lln on fyiindcd upon them inap| li 
cable for the purpose of ascertaining the resistance of beams to actual Irtnhng 
It should he iioticcvl that m these cxamiles the wciglit of tlio 1>eam itself Is left 
out of the const Icratiou hen it is Urge enough to rcr^iurc aitciitiou it must of 
course, bo treated us a dutributcd load, and us effect be aJde I to those of the loid 
jrojicr 


MmiOD Ot \S)CLRTAIMNC THE MOMENT Of ItFSISTANCE 
m E\IFU5IENT AM) C\LCII \T10N 
When t\c liv\c to deal with heiins loaded so that tho} nrc 
more than sli^'litl) bent, or when the iiitcnsit} of stress upon their 
fibres exceeds the clastic limit, the theory nnd tlie method just 
dcbciibcd no longei apply , thcic is no sufficiently simple theory 
which IS a])pltcable, nnd a\c must have recomse to c\i)ciJineuL 
Careful CNpcrnncnts ha\c nccordmgly been made, from which 
It has been found that tlie resistance of icciangitlm beams of the 
same length nnd of similar section similarly loaded up to the 
herthnff point aanes directly ns the breadtli nud as the square of 
the depth, tc ns Id" 

Tills seems to agree anth the result nmied nt by leasoiiing in 
the case of beams only slightly bent by a load 

the croM section, and y, is the distance from the neutral axis to the extreme fibre 
subject to a stress Ta. In the case of a rectangular timber Wain ya=^ and 
1=^, therefore ^ =^^^and the formula reduces to that given above 
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If the agreement were complete, the formula given at p. 50, i.e. 


M 



might he applied even to cases of beams loaded up to the hreahing i)oint, by 
taking r„ as the ultimate resistance of the fibres per square incli to tension or 
compression. 

This formula may he and is used for beams so loaded, wiien an important 
alteration has been made in it. The coefficient r„ no longer represents the 
resistance of the njaterial to tension or compression up to the elastic limit ; 
blit experiment shows that it has an entirely new value — dejiendiiig upon the 
material, the form of beam, and disposition of the load — and that this new 
value can only be ascertained by experiment, and will he denoted by f^. 

Value of f„ for timber. — Tlie method in which this value was ascertained 
was as follows : — 

Small experimental beams eacli 1" square and 3-2" long between the sup- 
ports were supported at the ends and loaded in the centre with a weight \Y. 

From Equation 13 we know that in such beams 

the bending moment = 

^ A 


Substitiating for r„ in Equation 28, we have the moment of resistance 


=/. g ■ 


( 29 ). 


Hence 


Wl_ hd^ 

4 6 ’ 


or 



_6 

bd-' 


The weight W was gradually increased until the beam broke, and then 
the value of W, /, 6, and d in the above equation being known, /„ could be 
found. 

Modulus of rupture of timber. — The value of /„ thus found is callwl the 
modulus of rupture ^ of the material. It varies of course for different materials 
— the stronger the material the higher the modulus. Tlius a beam of oak 
would require a greater weight W to break it than a beam of pine, and /„ 
would therefore be greater. 

It is not accurately known Avhy the modulus of rupture thus found by 
experiment differs so widely, as it does in many instances, from the resistance 
of the fibres to either tension or comj)ression. 

It must be remembered, however, that the fibres of beams are not in- 


^ The modulus of rupture thus found is always equal to 18 times the weight IV 
that will break the beam across. The reason for this is easily seen if the values of 
I, I, and d for the experimental beam arc substituted in Equation 29 above — 


Z=3l2". 

d=l". 
_ AVZ 6 
4 

W X 12 


1 xia 


= 1S1V. 


4 
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<ki'enkiit lilrtincnt®, lut nrc topttljcr ! itcnlh with an ntlhcsion less 

or ^.renter aitoixlins t« the niftiit. of the miteiml 

This latonl ndlieston has Ik-cii shown 1} Mr Birlow to kul to stro'sesof 
n ^cn conipluntcd charoettr, which so fir hi\c not heen dealt with h\ nnj 
Piinjlc nnthcnntitnl th(.or>, and its iffuct is jnctjcalh to alter the laluc of 
the cocfiicicnt/. 

There is nko another consideration The strength of the indnulual 
fibres cannot Ic uniformly the same, as it is a^atiincd to be So long ns the 
limit of clasticifv i< not j»ae<cd, this diflcnncc ofetrcngfli is so email ns not to 
alTcct the result , but after that point the weihcr fibrvs Irfgtn to jicld more 
than the others, and finalh, jH«t before niptun, these wiahcr fibres break 
fir*t and lease thewhok etniin to come sncctssisch upon fewer and fewer 
fil ns, until coni] ktc. nij turc takes place Under thc«e coiiduioii«, /, ennnot 
l>c a conMant cotlhrient 

The \-alnc of /, ol tamed Is the experiments nbosc refernd to is gener 
alls u««l in practice, thoiipli it ism nio tca«es loo high, for the ft)llowi»grca*on 

The small Ix-ams (sjxakitig of timWr) cxjierimenltHl ui»on were ns a rule 
seketed ?ix‘ciincns ]Krfi.ith dr\, fne from dekets, such ns large or dead 
knots, etc^ which tend to interrupt the cuntimuts of the fibres ami thus 
wi iken the l>cam 

I*.irgc scantlings cannot Ixj obtained vi well sovoneil or free from defects 
O!" the small exptnmcnlal iKam*, and therefore in calculating the strength 
of largo beams the saluc of /, should l>o tnien con»jdcnbl^ J^wer than the 
awlue found for the cxi>«.nmcntnl sclecteil beam of tlic mine material 

1 or example, m the c^«e of n«l pim, the moiluliis of niptnrt found hy 
cxpcnmcnls ujion small selccteil beams, anrus from 7100 to 0&40 lb*.*, 
whereas tlie aaongo nioilulus found I) breaking large beuus li 15 cuts or 
5040 lbs i»cr square inch • 

It would l>ecxpcn«uc to ascertam the mwlnlus h\ breaking aery largo 
beams, and nfitr alX c\cii if this were done, the timber of the beams used 
would probably not be exactly snmlar to that experimented upon, and would 
therefore liasc a different modulus 

It will be seen, then, that the method of ascertaining and aj pljing the 
modulus of rupture is onij a row^hwaa of correcting the imperfections 
of the theory upon which the formula is base I 

The method anss\ei«, howeser, eufficiently astll in practice, and it has the 
adsantage of being aer) simple An ciipiiiecr in a distant country ha\mg to 
dealwitli on enlirclr new material can at once ascertain its modulus of 
rupture bj experimenting upon small barsasaboae desenbecl , and liaanng 
found tlie modulus he can use the ordinary fonnula gn on aboae 

It 15 far easier for him to fiiid the modulus of rupture in this nay than 
to find the amount of cxtcn<>)on and compro«siou of the material under 
diffi-rent stresses — w Inch w ould bcnecc^arj if the perfect mathematical theory 
could be w orkecl upon 

ifotlulus of nijiurtfoT Aigertni stdmxaofhtam. — In using the modulus of mi} ture 
thus obtained by experiment, it must bo rcmemliered that it is only applicable m 
tbo calculation of beams of similar section to the cxi>erimental beam from winch the 
modulus was deduced 

In cases where the modulus obtained from a rectangular beam of cast iron j laced 
thus □ w as aj plied to the calculation of the resistanco of a beam w itli a circular see 


Rankinc s Useful Itules and Tdblts, p 199 


* Seddon s Builders IVorl. 
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tion, tlie error caused was found to be 174 per cent, and in a case where it was applied 
to a square beam placed on edge, thus, O, the error was 190 per cent. 

In practice, Iiowevcr, beams of these sections are not used for building construc- 
tion in any material, and they need not be further considered. 

Even a difference in the method of loading the beam used, as compared with the 
method in which the e.vperimental beam was loaded to find the modulus, has been 
found to cause errors in results j but these errors are comparative!}^ small, and may 
be neglected in using a method which after all is merely a rough and ready way of 
arriving at the result. 

The moduli of rupture given in Table I. are those obtained by breaking beams 
by means of weights placed on their centres, but these moduli may, without material 
error, be used in calculating beams with any distribution of load.^ 

Practical Pormula. — In. practice, the rough and ready way of using the 
formula (Equation 29) in conjunction w’ith the modulus of rupture is as 
follows : — 


To find the weight that will hrealc a beam . — Find from pp. 27 to 40 the 
bending moment, M, for the given conditions of load — equate this with the 
moment of resistance, M (Equation 29, p. 52), and we have 

M=-^^ .... (30). 

Take the case of a beam supported at the ends and loaded at the centre,^ 

rr 1 
D 

1 


= breaking weight in centoe 
I = length 


h = breadth \ all in the same dimensions, either feet or inches, 
d = depth j 

= modulus of rupture for the material (see Table I.) 

WH 

i\r= — (see Equation 13, p. 33) 




6 

Gl 

To find the load that a beam can safely bear. — is, however, the breaking 
load. To find the safe load the factor of safety F must be introduced. Taking 
IV as the safe load with that factor. 

fo^bcl 

Gl 

~Fx6i 

To find the section of a beam to bear safely a given weight . — Take 
.same case as before — a beam supported at ends and loaded in centre. 

svi fM^ 


FW = 


the 


F X — 
^ ^ 4 




6 

GFM7. 

4 / 7 ' 


From this find &(?-, and assuming a value for either b or d, find the other, 
which will give the sectional dimensions of the beam. 

E.ramplc.^ of the calculation of b'-ants are given at j>. 7o and scq. 


* For moduli of rupture of other nuitorials, see Part III. 

- It mu.st bo clearly understood that ill will vary according to the arrangoment • 
of the beam and loacLs. Its dilferent v.nlucs arc given at ])p. 27 to 40, also in a 
concise form in the Table with Appcndi.x VII. (see also Appendix XXI.) 
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SHEARING STRESS 

"NVe have hitherto considered onl^ tlie effect of the direct 
stresses upon a beam that is, the stresses a\ Inch ca entinll^ act 
upon the fibres bj extending or compressing them in the direction 
of then length 

There are, hoi\ ei ci, other stresses acting upon a beam the 
existence of ^\hlch imU be rendered eaident upon considering the 
next three dngnms 

Vertical Shearing Stress — If a beam AB, Tig 76, supported 
at the ends, be bent the fibres aboa e 
the neutral laj er are evidently com- 
pressed and those beloiv it extended, 
but no other stresses m the beam 
are apparent to the obserNcr 

If, liov,e\er, the contmiut) of the fibres be interrupted bj 
cutting the beam into acrtical slices, these slices, vlion the beam 
IS loaded, a\ill slip one past the other ns sbo^^n in Tig 77 

In the uncut beam there must be the same tendency for cacli 
section to slide aertically upon the next, although actual dxding 
IS preaeuted hj the continuity of the fibre or cohesion of the 

4piniizD=i^ 

liff 77 Fg 78 

particles Tlie force causing this tendenc} is called the terheal 
shca 7 i}ig sbess 

Horizontal Shearing Stress — In the same u a} if the beam 
be divided into different layers of fibres by cutting it into planks 
tlie planks or layers of fibres will slide upon eadi otlier as in 
^>0 7 ^> ■'^hen loaded 

In the uncut beam there must be a tendency to slide in the 
same waj, and the force causing this tendency is called the 
honzontal shearing sbess 

Hules for finding Amount of Vertical Shearing Stress ' 

The amount of the vertical shearing stress is easily ascertained 
bj the application of tavo simple rules — 

^ r/e pract cal foTraulo! for finding tlie si earing stresses are on pp 57 to 60 
numbered (SI) to(43C} each being in connection witli fgures showing tl e dlstnbution 
of loads diagrams of shearing stresses etc 
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1, A^ertical Siiemung Stress in Cantilevers. — The 
shearing stress at any section is cgnal to the weight on the learn 
behveen that section and the outer end. 

2. A^ERTiCiU. Shearing Stress in Beams suprorted at each 
End . — shearing stress at any section is equal to the difference 
between the reaction at either siqgwrt and the weight between that 
support and the section in question. 

These rules hardly require any j)roof, hut it may malce them more clear 
to examine a case of each. 

Shearing stress in cantilevers . — AB, Fig. 79, is a cantilever, or a beam 
loaded at the end -with a -weight W. 

We may divide the beam into ima- ' 

ginary vertical sections at hi, hg,fc; ^ y / I // / 

these are onlj' a few out of an infinite { ( l|t tt l|t I 

number of sections infinitely near to ; A > tT v b 

one another. | . 

Now W acting downwards tends to t"- Fig. 79 . 

shear off the piece B/, with a force W, 

acting, as sho-\m b}’- arrow thus, \t, on the section fc ; this is resisted by the 
opposite surface of the section fc, the resisting force acting as sho-sra by the 
arrow t upwards. 

Supposing then that the resistance prevents the shearing at surface fc, 
consider the next surface hg. Here the load W still acts with a force AV 
downwards, tending to shear off the piece B 7 i. 

Again in the same way at hi, "W the load acts do-\rawards, and a 
resistance = W acts upwards, as shown by the arrows. Nothing has intervened 
to increase or diminish the force W caused bj* the load.^ The same takes 
place at any intermediate section, right back to Al. 

The shearing stress at any section from B to A is therefore alwaj^s tlie 
same, i.e.^'W as shown graj)hically in Fig. 82. 

Shearing stress in supported beams. — As regards the second rule, take the 
case of a beam (Fig 80) supported at the ends and uniformly loaded. 

Suj)posmg the beam to be 8' span and loaded with lbs. per foot run : 

and B.„ each = 4n\ 

At the section marked the reaction = 4 ^^) acts upwards and is 



resisted by the four weights 4 'iy acting downwards, so that the shearing force 
at section 1 = R^^. 


^ The weight of the beam itself does reallj’- increase it, hut we have arranged to 
neglect it as insignificant. If it is not insignificant it would cause a shearing stress 
similar to that caused by a distributed load, as described on the next page. 
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At the eection marked 2 ^ 4 ^ one fourth of the Ttpward force of the 
reaction R^=4tff is cancelled h} the weight acting doHiniard®, so that the 
Hp^\ard force at the section. 2 is Sir, nhicli is resisted h) 3io acting doi\n 
•nards between it and the centre 

Similarly at section 3 the eheanng force is (R^- 2it) = 4ft - 2ie = 2 jr, 
and at section 4 it is In 

At section 5 (the centre) the upward force of the reaction is quite 
neutralised by the four weights irp W), 1 C 3 , acting dow nw ards and the shear 
iiig force = 0 

Thus at each section the shearing force = - w eights betw een the 
section and support A, as stated in Rule 2 aboio Tlie same reasoning 
applies to the part CB of the beam 

The shearing stress is cTidcntly decreasing from 4i at the supports to 0 
at the centre, and may be graphically shown as in Pig 81 

The truth of the rules is so apparent, and their application 
to different cases so simple, that it will be sufilcieiit to show a few 
of the most useful cases graphical!}, giving at the same time the 
a alue of the shearing stress in tenns of the u eights and lengths 
of the beams 

Tlio shearing stress at any iwint P is denoted b} S,, and at 
an} other points A, B, C by S^, Sp, etc icspectivel} 

Graphio Soprosontations * of Vortical Shearing Stress, 
and Values for the Same 

Case 1 (Tig 82) DLVM FIXED AT ONE END AND LOADED AT TIIL 

OTHER 


Shearing stress S“W tliroughoiu (31) 



Case 2 (Fig 83) — ream fixed at one end and loaded 
irNirORULl throughout its length 
S,=ux. The point P being distant r from B (32) 

S^=ul (32 A) 

Case 3 (Tig 84) — BEAM nxFD at one end, loaded at Tirr 

OTIIEP END AND AISO UNIFOPMLI 
A combination of Cases 1 and 2 The loads are omitted in the figure 
for clearness, but arc as in Fig^ 82 and 83 

' These are merely graphic reprcsentatioiis of results obtained algebraically, hut 
in Appendix N I will be seen a graphic method of obtaining the shearing stresses 
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B,^^Y + v::c .... (33). 

S^ = W + w/ (33 A). 



Case 4 (Fig. 85). — beam fixed at one end and loaded with 

SEVERAL CONCENTRATED WEIGHTS Wg, Wg. 

S, = TVi + W 2 + W 3 . . . (34). 

S at any section = the sum of the loads between that section and the 
outer end of the beam. ....... (34 A). 


Case 5 (Fig. 86). — beam fixed at one end and loaded 

UNIFORMLY OVER A PART OF ITS LENGTH. 

The shearing stress at anj^ point P under the load distant x from A is 

S>^ = w(z + y-x), . . . (35), 

and . . . , . (35 A). 

= . . . . . (35 B). 



Case 6 (Fig. 87). — beam supported at both ends and loaded 

IN THE CENTRE.^ 


S throughout == — . 


except at C where the stress changes direction and 

S, = 0 . . . .(36 A). 

The arrows indicate the different directions of the shearing stress on the 

^ opposite side of the centre. Thus 
^ i T ^ ^ anywhere in OA the stress is 

thus tending to shear the 
beam as in Fig. 88 , whereas in 
the half BC the stress is thus tending to shear the beam as in Fig. 89 . At 
C the stresses in opposite directions cancel one another, and there is no shear. 


Fig. 89. 


^ See Appendix V. 
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Case 7 (Fig. 90 ) — beahi supportfo at the ends and uniformly 
LOADED. 

SeC5 the remarks on p, 66 with regard to tins case. 



Case 8 (Fig. 91 ) — rfam supportfd at both fnds, loaded in the 

CFA'TRE AND ALSO UNIFORMLY. 

Tins ca«o IS a coaibination of G and 7. Tlie Joad i-> omitted for cleam6a< 


S.-S.=!|r'+^, (38). 

+ ^ (38 A) 

Sc^O (dress clianging direction) (38 B) 

Case 9 (Fig. 92 ) — beam supported at doth ends and loaded at 
ANY POINT. 

Between A and D 

S,-Il.=yW . (39) 


Between B and D 

. (40) 

At D S„=0 (stresses changing direction) (40 A). 
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Case 10 (Fig, 93 ). — beam supported at both ends and 

PARTIALLY LOADED 'WITH A UNIFORM LOAD. 


Bet'n'een A and E 


Between B and F 


(I — mif — 

— k — 


(Z — n)~ — m- 


(41). 
(41 A). 


At any section P inider the partial load distant x from A 

f — , v1 /,n\ 

S,= I (x-m)jw . (42). 

Refeiring to p. 38 it will be a good exercise for the student to deduce the previous 
cases of beams supported at both ends from this case. 


Case 11 (Fig. 94 ). beam SUPPORTED AT BOTH ENDS AND LOADED 

■WITH ANY NUMBER OF CONCENTRATED LOADS. 


Between A and D 


0 T, W(Z-%).Wo(Z-ng. W,(Z-n)3) 
= ~ + I + I 


Between D and E 
Between E and F 
Between F and B 


S = R^-W 

S = R*-'W-Wo 

r, -n Wnij , WoWg , lYgUig 

S = E, = -^+— p+-y- 



Wi a m,) 


Fig. 91. 


, v/srri-. 


(43). 

(43 A). 
(43 B). 

(43 0). 


Horizontal Shearing Stress. — 'Wq have hitherto considered 
only the veitical shearing stress, which tends to nialce sections of 
a loaded hcani slide vertically npon one another, as in l^ig. 77 . 

IVc liave now to consider the liorizontal shearing stress, wliich 
teiuF to inuhe the layers slide horizontally upon one another, as 
in Fig. 78 . 



BEAAfS—SffEAlt/JKG STEESS 


6i 


T/tts horizontal shearing sticss ts at ciery jyoint %n the hcam, 
equal to the xertical shearing stiess at that ^oint 

This IS proA ed thus — On or near the neutral lijer of an unloaded rect- 
H angular beam drau a little square, Fig 95 

^ [j If tl c beam 13 then loaded until it bends 

i slightl) , tlii 3 square will be distorted into 
a rliombufl Fig 96 Now we know tint 
at the neutral laj er of a rectangular beam 
Q there are no direct stresse* 

Tlie distortion roust therefore ha\ e been 
produced bj the aertical shearing stresses 
^ acting as shown by the arrow o, and it is opposed by the horizontal 
Clearing stresses H H Now since there is equilibrium, H and K must evi 
deutl} he equal to V and V, or the horizontal shearing stress must be equal 
to the aertical shearing stress at the pointt 

11 e know then the total amount of shearing stress at each section — the 
\ ertical i» foun 1 as before explained and the horizontal is equal to it 

Distnhition of Sheaung Stuss — It 1$ necessatj to know 
further liow these shearing stresses are distributed ov cr the section 
It can bo proted mathematicall} that the shearing stress is 
distributed ovei the section as shown in Fig 97 



Tig 9o Tig 96 


The curve is a parabola 
the rehtiae proportion of 
wlio«e ordinates is shown m 
the diagram The arca^ of 
the parabola represents to scale 
the total sheanng stress at the 
section 

From this the horizontal j^ettraf 
shearing stress at any point — — . — — 
can easily be ascertained Thus 
suj pose the total shearing, 
stre«s S at anj section of a 
beam 12 deep is 2 tons Then 
} NLxCD = S 
jXNLxl2 =2 tons 

NL = 2 tons X ® X -jV. 

= I ton 





Tig 


Having thus found the stress on NL to bo \ ton we make a scale on 
which the length NL — ^ ton, and we can find the stress at anj other point 
by measuring the ordinate of the parabola at that point 

It IS unimportant in most cases to know the exact distribution of the 
shearing stress over the section, but we can see from the diagram tlat it is 
greatest at the centre and vanishes at the top and bottom layers of the 
beams 


I Cunningham { 244 

Tl e area of a parabola=| the circumscnbed rectangle The area-| >: CDxNL 
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This is exactly the converse of the distribution of the direct stresses. 
The difference is clearly shown bj' the diagrams, Figs. 98 and 99. 


Direct Stresses Shearing: Stress 


c 

Neutral 

w 

E C 

1 

1 

U 


E 

iMver 








D F D L F 


Fig. 98. Fig. 99. 

We see from these diagrams that the sbearirtg stress is greatest along the neutral 
layer where the direct stress is the least, arrd least at the itpper arrd lower fibres 'whei’e 
the direct stress is greatest. 

In Fig. 99 the amount of the shearing stress is e.xaggerated in order that 
it ina}’- he clearly shown, hut its amount is generally very small in com- 
parison -with the direct stre.sses ; so small that in rectarrgular beams tvhich 
have so much more suhstauce near the centre than is required to meet the 
direct stresses, there is sure to be plenty to nreet the sirrall shearing stress, 
and its consideration may therefore safely be neglected. 

In built-up iron beams, however, it is different ; in those the shearing stress jdays 
an important part (sec p. 157). 


BEAMS OF UNIFOEM STEEIS^GTH. 

If we glance at the graphic representation of the bending 

moments at the different 25oints of 
a beam supported at the ends and 
uniformly loaded throughout its 
length. Fig. 100, we see that the 
bending moment is greatest at the 
centre and gradually diminishes to- 
wards the ends, and that in fact exactly at the ^Joints of sujrport 
there is no bending stress whatever. 

If, therefore, the beam be made of the same section through- 
out, it is evident that it is unnecessarily strong at every 2)oint 
excejit the centre, and that it may be reduced in section as it 
apiwoaches the points of supjiort, because the bending moment 
becomes less and less as those ^loints are aiiproached. 

There are three ways in which the beam may be reduced so 
as to make it of equal strength throughout its length — 

1. By varying the depth, keejung the breadth the same ; as in 
Figs. 1 02- 1 05. 

2. By varying the breadth, keeping the depth the same ; as in 
Figs. 106-109. 
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3 B} ^ aryiiig both breadth and depth 

IJiG same obser\ itions apply to other cases of loading Tims, 
for example, m a cantllc^c^ of rectangular section aMth either a 
single or a unirorni load, there is supcrlluous nmterial except near 
the point of fixing (see ligs 102, 1 03), and m a supported 
beam canning an isolated load there is superfluous material except 
under the load 

In all such beams then a certain portion of the material is 
superfluous, and can be cut aava} anthout injuring tbeir strength 

In timber beams, as a rule, it does not paj to cut awaj tins 
superfluous inatcrnl, the cost of labour being greater than the 
a able of the material saaed , but in some coses for tlio sahe of 
appearance, or m large beams to reduce the a\ eight it maj be 
desirable 

It can, boweacr, iioaer be neccssarj to cut timbers to the 
exact cuncs shown These cunca arc the forms aaluch are tlieo 
reticallj correct, but practicallj thej are aaluoblo only os dnidiiig 
the parts of the beam aaluch haac no excess of strength from 
those parts aahich arc unncccssanlj strong and can tlierefore be 
cut away, thus making a beam of approximate uniform strength 

The following figures show the shapes of beams of equal strength through 
out their length so far as the iUr«t 6trcs«es only arc conccrocd, and m each 
case ignonng the ehcaritig stress and the weight of the beam itself 

The shearing stresses w ould necessitate some substance being left on at the 
ends of the supported bcam« 

It IS not (litlicult to prove mathematically that beams of equal strength 
throughout their length arc of the forms ehown but such mathematical proof 
would here take up more space than can be olTonled for it, and the question 
13 not one of much practical importance Case 1 (p 28) is, however, worked 
out as follows, and the other cases can be worked out m a similar manner 

Calculation to ascertain the form of a canttleier of equal strentjth throughout 
its length, loaded a( one end and of the same breadth throughout 

Bending moment at my point P (Fig 10 1 ) distant x from the end W = Vfx. 

Moment of resistance at P = 
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Tlien since at any point bending moment = moment of resistance, \Ye bave — 
At P : Ws; = ' At A : Nl = 

'-Nl 

x^f 

l~d\ 


ndiicli is tlie equation to a parabola ■vvitli its vertex at B ; tlie under side of 
the beam would therefore be shaped to this curve. 

Shapes of Beams of uniform Strength. 

a. WHEN THE BREADTH IS CONSTANT THROUGHOUT THE LENGTH OF THE 
BEAU, BUT THE DEPTH VARIED TO SUIT THE VARYING STRESS. 

Figs. 102-105 show the di.sposition of load and the shape of the beam 
in elevation, tlie dotted line being the beam of constant depth and breadth 
as calculated. 

1 

In Fig. 102, AB is a parabola with the vertex at B. 

In Fig. 103, AB is a straight line. 





BEAMS OF UNIFORM STRENGTH 
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DEFLECTION.! 

In manj^ structures it is necessary that the beams, whether of 
wood or iron, forming part of the structure, should be not only 
strong enough, but stiff enough ; that is, not only must rupture 
he prevented, hut the beams must not bend too much. 

For example, ifc -would never do if the joists supporting a ceiling were to 
bend beyond a certain small amount under the load, altbougb tbej’- might be 
strong enough, because a very slight bending is sufficient to cause cracks in the 
ceiling below. Such joists must therefore be stiff as well as strong. 

It is necessary, therefore, to be able to calculate how stiff a given 
beam is, that is, how much it will bend under its load, in order to 
be able to judge whether the amount of bending is lUcely to cause 
inconvenience ; and if so, to increase the size of the beam in such 
a manner as to prevent such excessive and inconvenient bending. 

The amount of deflection that may be expected in a beam of 
known form and material, with a given amoimt and distribution 
of load, can easily be ascertained by the use of the formulae given 
below. The investigation of the formulae, however, involves the 
use of the Calculus ; their proof will therefore not be attempted 
in this work. 

The student must be content to accept these formulae, which 
are based upon those given by Professor Eankine, after investiga- 
tions made by himself and other mathematicians. 


Pormulse for ascertaining the Deflection of Beams of any Kind. 

General Formula. — The general formula applicable to all kinds of beams, 
of any material and with various distributions of load, is 

.... ( 44 ). 

El 



Fig. no. 

In this formula 

A = the maximum deflection in inches. Thus in Fig. no, if the beam 
AB deflect as shown by the arc At/B, the line mj is denoted in the above 
formula by A. 

W = the total load on the beam. 


^ y/ic /or pracWca? are Equations 44, 45, 46, 47, pp. 66, 67, 68, and 
in Appendices Tin., IX., XXL Examxntcs aro given, pp. 76 to 80. 
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/ = the IcHp^tli of the Icim m indict 

h = tlie mIhc of the niothilus <f di'ticit) of the nntcnal cxpre««etl m 
the eanie units n« W 

I «=the inoimnt of incjtii nbout the nciitnl axis of that «cction of the 
hcam ulare the j.n-jtc«t strt«s occurs with the pnen di tnbution of loml 
H IS A coeHicant, the \a1uc of uhicli xaries for each lIass of lx uii aiul for 
cicli di«tnl ntion of the lo.ul 

Tlie ft-llouinp Tihk show a the diflerent xducs of n for three ela««cs of 
IxAUis ami for four distributions of IoaI 


\mnpemcat of Beam an 1 Leo t 

Inffunn ero«« 
•ntSon 

tt tt t si oat it^ 
I'n^th 

6i<t ai il 
iii- 

of IWiTTt 

ITjlf m 
• ni.U ‘■inr 
l^rH’tlrou 1 
ut it« irn^l 
»>«. l)B«. icp6t 
‘09 

1 uoir n J 

1 strengtl 
>A ctrealil 
t tin „fe l 
Its I'- glh 

S- li„» loj 
t 05 

1 ixed at one cti 1, load»l at the otlur 

\ 


1 

,, , loa Ic 1 umfoniil) 




Supporte 1 at both cn l«, loa led 111 the middle 

ft 



,, „ loilclwnifomdy 

a*) 




Maximum ilfjlatwn vfiiUrn/y loal —To fmd l)»e imxiniiijii dtfl cUon of 
AUj beam under o pi\ onload it is mcrcl) ncee««arj to Mibstitute thoN allies 
of the dilTcrent ItUcr*, nnd the result pnes the saIuc of ^ 

Tlic vilucs of M and I are of course knoun , E is pnen in Tsllo I , 
Aul I, the moment of inerln, can K found b) iikaus of the mforniUioti 
i,uen m Appendix XIV 

T]i< dejleciton und<r proof toad, or under loads uhich produce a knoun 
stress ascertained from the following fonmdoj — 



(45) 

for all beams, nnd 


. H {rt + riil" 

B'# 

(46) 

for beams a\itli cro s sections of equal strength * 



In these forinula; is the grentest etre^s on the iveAke«t side of the 
beam , y<, is the di>tance of the neutral axis from the e\trcnie fibre of the 
beam on that ucake«t side at the section of grcattst stress , r^, rt are the 
limiting strC'Ses in coinpresMon and tension respectiatly , d, thi. deith of the 
beam at the section of greatest stress The other letters have the same signi 
fication as in Eq^uatton 44 

The following Table shears the different aalues of n for three clashes of 
beams and for four distributions of load 


1 These are beams of such a form that the limiting stress is reached on the upper 
most and lou ermost fibre of the beam at the same instant 
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Fixed ill one end, loaded at the other . . ■’ 

,, uniformly loaded . , -J 

Supported at both ends, loaded in the middle 
,, ,, uniformly loaded . 


Simpler Formula. — For ordinary rectangular beams of the same section 
throughout their length, such as wooden beams neai’ly always are, the for- 
mula 44 can be much siiuplified by substituting for the moment of inertia 

I its value for a rectangular section, namely (See App. XIV. and IX.) 

1 

Equation 44 becomes A = — _ _ _ . _ (47). 

Comim'ison hetween strength and stiffness . — "We found that the strength of 

6 ( 7 “ 

rectangular timber beams varied as /o— , ?•«. directly as the breadth, as the 

square of the depth, and as the modulus of rupture of the material, but 
inversely as the length. 

By examining Equation 47 we see that the amount of deflection of 

iz 

rectangular beams varies as : that is, the greater the length the gi’eater the 

deflection ; the greater the modulus of elasticity, the breadth, or the depth, the 
less the deflection. 

The deflection arises from want of stiffness, therefore the stiffness or resist- 
ance to deflection will vary according to an exactly oj)posite set of condi- 

. . . EM3 

tions — in fact, it vanes as — -p- . It will be greater directly as E is greater ■ 

(thus an oak beam, for which E is greater than for a similar fir beam, will be 
stifler than the fir beam), also directly as the breadth and cube of the depth 
are greater ; but, on the other hand, it will be less as the cube of the length is 
greater : that is, of two beams of the same section and material, the -longer 
will be less stiff than the other, not in proportion to its length, but of the 
cube of its length. 

Eecapitulating, we see that for beams of rectangular cross section 

r 7 70 

The strength of beams varies as — , 

„ stiffness „ „ 

Further, since the strength varies as hd- and the stiffness as hd% we see that 
by reducing the breadth and increasing the depth in such a way that the strength 
remains constant, we can obtain stiffer beams. Thus a beam 4 inches broad 
and 6 inches deep has the same strength as one 1 inch broad and 12 inches deep 
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From A to / and from B to i tlie bottom surface of tlie beam is concave ; 
fi'om / to i it is convex. 



Fig. 112. 

Bloreover, tlie stresses upon the beam are different from those of the 
supported beam. From A to /and from B to f the upper surface is in tension 
(//t), the lover surface is in comiiression (ccc). From f to i the npiier surface 
is in compression (ccc), and the lover surface is in tension (fit). 

It vill be seen that at the points / and where the curvature changes, 
the nature of the stress also changes ; the upper surface, which from A to / 
and from B to i was in tension, changes to compression, and the lower sur- 
face, which was under compression, to tension. 

These points, where the curvature and the stress change, are called the 
points of contra-flexure. 

Their distance from A and B varies according to the shape of the beam 
and the nature of the load. IVhen that distance is known, the calculation of 
the bending moments, etc., becomes a simple matter. 

In fact, the beam thus fixed and loaded is exactly in the condition of two 
cantilevers Af and Bi, carrying a beam fi between them, which is suiiported 
at its ends / and i by hanging from the ends / and i of the cantilevers. 

The cantilevers may be calculated as shown in Case 1, p. 28, and the 
supported portion as in Case 6, p. 32. 

Tlie onl}^ difficulty, therefore, is to ascertain the exact distances of the 
points of contra-flexure from A and B. 

Position of points of contrci-ftexurc in fixed dcams loith different 
distributions of loads. — making any attempt to describe 
the matliematical investigations by vbich tlie positions of tbe 
points of contra-flexnre are ascertained, we will give tlieir positions 
for different classes of beams with various distributions of loads. 


TABLE E. 

DisTAxen OF Points of CoxTHA-FLExunn. 


1 

Class of Beam. 


1 

j Airan^Tinc'ut of Beam anil Load. 

1 

Uniform cross 
section. 

Uniform strength, 
svitli 

miiform depth. 

No. of Fig. 

1 

IJisfancc of points of contra-flexnre. 


FixcJ .it both cndi. Lo.iil in ccntTC . 

0"25 1 from A and B 

0-25 1 from A and B 

Fig. 113 

! „ „ Lo.idcd uniformly 

0-211 1 ., „ 

0*2j 1 ,, 

Fig. 115 

, rived .It one end -wd 1 ^o.id in centre . 

' .sniiported at tlie of her 1 

0'273 1 from A 

0'33 ? from A 


j rived at one end and -j L^.a^d uniformlv 
jfiUpi'ortfid at tlieoUior^ 

1 . 

0*207 1 from A 

0-33 1 from A 

Fig. 117 
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Shearing stresses . — In tliis case tlie shearing stresses are the same as in a 
heam supported at hoth ends and loaded in the centre (see Appendix VIII.) 

Deflection . — It can be sliown that the maximiim deflection is ;^th-of the 
maximum of a similar beam supported at both ends (see Appendix VIII.) 

Case 2. BEAM OP UNIFORM CROSS SECTION FIXED AT BOTH ENDS 

AND UNIFORMLY LOADED. 


In this case the points of contra-flexure are distant ‘21 IZ from A and B, 


Fig. II5 



Fig. 115. 

= weight distributed on cantilever x leverage + weight at end 
X length of cantilever, 


= w X ’21 IZ X 


•21 IZ WX-5I81 


2 ' 2 
= 0-022wZ2 + o-061wZ2^ 
loP' 


•X-211Z, 


= 0-083iaZ2 = 


12 


(51). 


Mj, = Eeaction x leverage — weight between C and /x leverage, 
•578wZ -578^ 'blSxvl -5781 

X — ^ X : — , 


2 "2 
0-334wZ2 


(52). 


8 24 

wl^ . wD 

T2 ¥4 exact values of and as can be proved by 

another method; the fraction 0’211 is only approximate. 
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TABLE F. 


Clnm of JJciiiii. 


Arraiigoriicnt of Ucaiii niul Load. 


Fixed boUi ends. Load in centre 
„ ,, Ijoadcd uniforndy 

„ ,, J.oaded nnifornily 

and in centre 


Fixed one end and \ 
supported at other / 


Load in centre 


Loaded nniformly 


Uniform crow section. 
Jtcnilin},' moment 

Uniform fitveiiKtli, vitli 
imifonn (loptl). 
licmiinf' tnnmunt 

At flxcil 011(1*1. 

Tn centre. 

At fixed oihIh. 

In centre. 

i Wl^ 

1 'dl'+B irP 

i 

■A 10/2 

1 W 
■ 1 % vi- 

; Vi'i-i-f. ic/2 

i V7 
ul- 
)■ vT-i-s'i 



J V7 

iV7 

1 i/-f- 

Tn ci'tilrc of 
.(iiipiiorteil 
portion 

trl- 

0 

id- 

is 

In centre of 
supported 
portion 


Shearing Stress and Deflection. — For Lliese .see Appetidix VIIL 

Objeefions to fixed beams inximicLice . — Fixing tiic ends of beams 
is generally objectionable in practice. In the case of timber, cou- 
iiuing the ends keeps them from tlic air and causes them to rot ; 
in the case of iron beams it prevonls them from expanding and 
contracting freely. 

There are other reasons against fixing special forms of beams, 
which will be mentioned in treating of those forms. 

As fixed beams are rarely required in practice, it is not 
necessary to go farther into the subject to consider their deflection, 
shearing stresses, etc. 

Enough has been said to show the student that the stresses 
in a beam fixed at the ends are very different from those in a 
supported beam, not onl}’’ in amount but in distribution. 

Continuous Girders.^ — When a beam or gii’der extends without 
break in itself over two spans or more it is said to be continuous. 

Fig. 1 1 8 shows to an exaggerated degi’ee the cuiu^es formed by 


Fig. 118. 

a uniformly loaded girder extending over two spans, AB, BO, and 
fixed at the ends. 

It will be seen that the general arrangement resembles two 
pairs of cantilevers. A/, Bi and B/, Qk, and between them two beams, 
fi, jh, supported at the ends. 




^ The formula; for practical use are given in Appendix XI. 
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Tlio upper portions of Aft IW, 'mil C 7 arc cn uicntlj in 
tension the lower m compression, whereas in /i.j/ tlic upj»cr 
portions nrc in coinprt-^sion mul llic lower in tension 
'iho points of conln /lernre ore nt/, x,j, mill / 

Again, if the ends of the pinler nro not fixed, hut inercl} sup- 
ported, the cun es w lU ho as shown in an cxnggcntcd form in 1 ig 



Fi? 11*' 


119, and the portions in compression and tension rcspectueh 
nro shown h} tlio tlnck and thin lines as htfore 

It will he Fecn Hint the general cnrxis of ea« li span in I ig 118 
resomhlc those of a licam fixc«l at Inith ends (see I ig 1 1 2) and 
the curies of each span in 1 ig iiprcsemhli tliosc of a beam 
fixoil nt one end and loaded at the other, ns shown ni I ig 117 
The distances of the jiomts of contra tit cure from the 
nhutincnls and the value of the licndtng moimnts varj atcordiiig 
to the section of the gmlcr, the distrihninm of the load, etc 

The calculations connected with conijnnons girders nro \cr} 
complicated, and not suited for a work of tins kind rnouglr 
information lias l>ccii given nhovt to iiidicait wliicli portions nro 
111 compression and which m tension, and that is all tint is 
roijuirod hj the sjllabus, hut as cases occur of hre-ssummers con 
Umwiiso\ct two spans and of rafters coniinnons over manj spans 
some further information on the subject is given in Appendix XI 

I X^VMl'Ll-S 

In order to illustrate the application of the rules given m 
tlie previous pages, it will he well to give in some detail the 
calculations nccossarj for n few examples of such timber beams 
as are used in practice 

Before making calculations it is alwajs desirable to state the 
preliminaries with great care Tlie'^o include all 1 nown par 
ticulars relating to the case, such as the span, the nature and dis 
tnbution of tlie load, also the moduli of rupture and elastzcitj of 
the inatcrnls, etc etc 

Great care must bo taken also that the dimensions weights, 
etc, are all exprc'sscd in the same units, tc that feet and inches 
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Eeferriiig to Pig. 103 m'c fcce that thu theoiolical form of the beam ■would 
be as shown in Fig. 120 . 

The calculated de])th is 
gi^’on at AC, uhcre the beam 
is built into tlie wall, and 
tlic line .joining CJ3 is the 
under side of the beam. 

In juMCticc the end 
u'otdd not he brought to a 
feather edge as shown at B, 
but would have a thicknc'-s 
Iheie of an inch or two, as 
shown in Fig. 1 2 1 , It ill 
be seen that in most ca^es 
there would be no advan- 
tage in using a cantilever 
of uniform strength, for 
though the theoretical form 
would contain less timber, 
still, ju'actically, it would 
contain nearly as jmich, and 
would involve more labour 
than the beam of uniform 
depth throughout. 

It would be better, 
therefore, to use the latter 
in ordinary cases. 

Balcony with live load , — It u-ill be noticed that the load on the balcony 
has been taken as a dead load. 

If, however, the balcony is liable to be occujncd by a crowd of excited 
people moving about, it would be safer to consider them ns causing a live 
load. This live load shoidd be reduced to a coiTes])onding dead load by 
doubling it. The total weight would then be as follows ; — 

Weight of platform as before = 360 lbs. 

Weight of people 2 X 1800 =3000 ., 

Total weight = 3960 lb=. 


Taking this value for the weight instead of 21 GO lbs., the calculation would 
proceed as before with the following results : — 

Uniform cross section 


( 1 ) For strength, 4" x 10 - 4 ", 

( 2 ) For stifluess, 4" x 14’5". 

Uniform strength 

(1) For strength, 4" x 10 - 4 ", 

( 2 ) For stiffness, 4" x 23T". 

In practice it would be preferable to adopt a framed cantilever either of 
wood or iron. See also Examples 2 and 11 . 

Example 6 — Timber Beam loaded in Centre. — To find the load a given 
haulk vnll carry, A pitch-pine baulk of 20 feet span 12 " wide 12 " deep is 
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to be loaded iii tbe centre ■with i dead load It is to be used for temporary 
] urpo'C’ V int w eight w ill U safJj tarrj ? 

/'jehnniancs — 

1 = 240 &=12 d«12, 

/.= I 1000 , 

1=4 Factor of safetj 


Introducing I wo liaie from Bqxiation 13, jk 33, and Eijuatioii 29, p 
52, or from Appendix ^ II 


I-x — » 


4 

W = 


liV 


4 1 

1^4’ 


=/. 

11,00 0x 12x 12^x4 
Cx-40x4 
= C tons (ibout) 


Pir Joifit to carry given Load. 


I^zample 7 — Tojind ll c tcantliHQ for o fir joist in a ivigU Jloor 
Ccwdihoiii—- A joist of Ealtic fir has a span of 1 1 feet and is to carrj a 
uniformly distributed dead load of 1400 lbs Find the scantling it should 
haac for (1) strength and (2) stiffness 

This ca«o will not be worked out m full, as it is a \eiy sjjnjde one 
1 rdimtnan« — 


1= IG8 inches 

/o for Dahic firss57CO Jb« 


E „ «* 1,440,000 lbs 


1400 lbs 
108 


8^ ll)« per inch. 


F = factor of safetj = 4 


Calcitlation for ttrengih — Calculating for a beam of uniform rectangulai 
section throughout its length 

(Fic)r ^IxT 

8 ■'® 6 ' 

,, 6x{Fic)r 

= 122 

Taking 6 = 2^" d=40, atidd = 7 


Cnicufafion for stiffness — To calculate deflection of the beam if 2^" 
and 7" deep By Equation 47, p 68 


we IiavB 


_ 12 nWZ^ 
“EW 3 “ 


wide 


Here « = (see Table C, col 1, line 4) 

^ 12x5x1400x1688 

384 X 1,440,000 X x 7® 
= 5 inch nearly 
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If, however, the beam is to carry a ceiling below, the deflection should 
not exceed per foot of span, or = altogether. 

To find the depth tliat the beam should have, so that the deflection 
shall not exceed !■", we have by Equation 47 

3„_ 12nWZ3 
~ E 6 d 3 ’ 

12nWP X 8 

— EilTF’ 
ci!3 = 768, 

d = 9 ^ inches (about). 


Useful ITotes. 


Strongest rectangular beam that can be cut from a round log (Fig. 122). 

Trisect a diameter AB of the log. From the points of tri- 
section C, D raise perpendiculars CE and DF, cutting the cir- 
cumference at E and F. Join AE, AF, FB, and BE; then 
AEBF is the strongest beam that can be cut out of the log. 
It can be shown that 

af' 

Stiffest rectangular beam that can be cut out of a round log 
(Fig. 123). 

Divide a diameter AB of the log into four equal parts at 
the points C, 0 , and D. From C and D draw perpendiculars 
cutting the circumference at E and F. Join AE, AF, FB, 
and BE. Then AEBF is the stiffest beam that can be cut 
out of the log, and it can be shown that 



Fig. 123. 


= :(7|-0-7 nearly. 


FB 

af' 


_ 3 _ 

Vs' 


Proportion of ’breadth to depth in a beam . — 
We have seen above that tlie ratio of breadtli 
to depth is : 

Tor the strongest rectangular beam cut out 
1 to V2- 

beam cut out of a round log. 


of a round log, 


rectangular 


For the stiffest 
to 3. 

When, therefore, a single rectangular beam has to be cut from 
round log, its proportions will be regulated by one of the 


above rules, according to whether its strength or stiffness is more 
important. 


In practice, however, the beams used are not generally cut 
simply out of round logs, and the proportions are governed by 
other considerations. 


The width is made sufficient for lateral stiffness and for fixing 
the superstructure, and tlie depth as great as convenient under 
the circumstances, talcing care not to exceed the marlcet size of the 
timber. 




CuAiTni: IV 


ROLLED BEAMS OF IRON OR STEEL.* 

rrilin W'st fccIiVmi for n Iteaiii iimfo of irt»n or strel is very 
-^(lincrvnt from lliat for a timWr Warn 

■\Vc liavc Fecn tint IIjc diifct filre^sca jirodnccd iJi>on tlic cro^s 
foctiou of a IjiuIh-T W.ini may l»o graphically phown ns iti Tig. 1 24 
They aro grcalc^t on the layers most remote 
from the neutral axio.grruluaUy decrease ns llji-y 
n]»proacli the avi**, nml du huUe to notliing at all 
at the axis itnlf. 

In a rectangular «o1id pcction, howexer, just 
as Jiujcli mntmil is]»ro\ide«l toTvvsi the stress 
at I'Q or VX, xxhere this Rirewi is small com- 
pamtix'cly, ns at CK or ])!* wlicre It U largest, nml iinlced just 
as much at the uetnml axis where there Is no direct .‘ilre'«s at all, 
hut merely tlic maximum jeart of a com|»atalixcly small slicariug 
filrcss (see p. Cl). 

It Is evident then that, so far ns tlie tlirt'ct 8trcs<cs arc con- 
cerned, the ixirlions COD and KOI' arc uhOcss, and might be 
removed. To resist tlie shearing slrtss a small jiortion must be 
left near tlic neutral axis. 

Xcvcrthoh'ss it would be nndcsirablc to cut axvay tlieso jxir- 
tions in tlio case of timber l>cams, ns in most cases it would destroy 
tlic continuity of tlic fibres, and would lessen tlio resistance of 
tbo beam to Interal forces, that is, to those forces acting hori- 
rontally, which, although not ns a rule calculated for (their amount 
being uncertain), should bo alimved for in practice. Jloreover, 
the wood obtained by thus cutting the lieam would not pay for 
the labour of cutting. Ihit in Iron, xvhich has in any case to be 
fonned to a particular shape, it is evidently desirable for the sake 
of economy of Tnaterlal and weight to make beams of the shape 
best adapted to resist the stresses that will come upon them. 

* The /urmutic for jiradieal iiw on> E<iuatunis 51, 55, 50, TCa, jip. 87, 83, 03, 
and lu Appendix XXI. Exaini'iUi arc pven at pp. 88 to 01. 

n.C. — IV. G 
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D F 

Fiff. 125. 


Iron or steel beams are therefore rolled of the form^ shown in 

Kg. 125. 

CE being called the upper flange 
DE „ lower „ 

KM „ web „ 

By this arrangement, as will be seen, the bulk of 
the metal is placed in the flanges where the greatest 
direct stresses exist, and these flanges are connected 
by the web KM. If the thickness of the web were regulated by 
the shearing stress only, the amount of which is comparatively 
small, it would be made very thin. 

Practically, however, for reasons which will soon be men- 
tioned, the web is made thicker than is necessary to resist the 
shearing stress. 

Let us now take a section of an ordinary rolled iron beam 
(Fig. 126), such as is kept in stock by merchants, and ascertain 
the nature and distribution of the direct stress upon it. 

Resistance of Wrought Iron. 

Ultimate Resistance. — We know from Parts II. and III. that tlie breaking 
stresses for average wrought iron may be taken as follows : — 

Tension ... 25 tons per square inch. 

Compression . . . 16 to 20 „ „ 

Shearing ... 20 ,, „ ' 

But as rolled beams are often of inferior iron the breaking stress in tension 
should not be taken higher than 20 tons. 

TVorking Resistance. — The working or limiting stresses that may with 
safety be allowed in the case of rolled beams ^ are 

In Tension ... 5 tons per square inch. 

• Compression . . . 4 . „ „ ■ 

Shearing . . . 4 „ „ 

These are lower than those sometimes allowed in the case of iron for roof 
trusses. 


To find the Moment of Resistance of an I Beam. 

There are several different ways, more or less accurate, of finding the 
moment of resistance of a rolled iron beam. 

A simple, and at the same time accurate method, is founded upon exactly 


^ In consequence of the iron in rolled beams being free from joints, welds, and 
other sources of defective workmanship, it is the practice of some engineers to take 
the working sti-esses upon them as follows : — 

In Tension .... 6 tons per square inch. 

Compression . . . 5 ,, ,, 

Shearing . . . 5 „ 

As such beams are, however, often made from inferior iron, it is better and safer to 
adhere to the limiting stresses given above. 




ROUXD REA ns OF IRON OR STEEL 8j 

JJir >m)e nn*l wnrlnl oul Jn olnicwt iJif ?imc ni-innor, ns tlie cil* 

ciiUtion i.lt'cnUHl nl p -IT rl for a limber K nn 

Graphic Wethod, tntMvn WVA.— TJic infcnwl <1jrccl jirmliiml 

in ft ^'rt’ iron I'cim, ticnl bj n ceiitnl Kml, nns pimiHr to tho*o 

] nxlnml m n innWr t-enm * 

Tile filn.1 nlK)\i tilt iitutnl lutis nn m comprc’«ioii , ihov; below it m 

litiMon 

Tli« intenjiU of flrcM in tbe tliffinnl li%i rs nf fil res is pmte»l in tlio«c 
which lire ino»i rtniote fnnn the neiitnl axi«, an I Wconics itnilkr nn<l sninllcr 
at thrj np{>r>och the hcutnl nxi*, mitll. at the axm itxlf, thtre it no thrret 
»tn.»t at nil 

Tlic amount ftnil th»lnl ution of the ptfr«*e8 m-ij l>c pni'lncilJ) phowm, 
ju*t ftt till.) an fir ft tlml>cr Uxm in I ir 74 

r»^ 126 It the H-<tu n of jv mllM mm l« un 10* tlct p, with (langts 4' 
wide ainl thicV, the web being ftl»o 3* ihich 



lip 12fl IiR 12« lip 12" 

/ }nmr tmU Z{nf<tr trttU 3 i«fA?ts= ) fmL Smtt of ilrtw^ 

3 inehca—l foot Satlt tf ifmies 1 mc/tslQ to ti 1 i>icA=: 10 tons 


Tin* centre of gravitj of thi* Pcction will l« at the central point «, nnd 
the neutral axis will jiatt thr««i,li it (pcc p 44) 

The limiting or working elnt« for wrought iron m comj)re«'*ion l)emR 
1 ton«, anil m Unsion 0 tons jwr f<|uarc inch, it is e\jih nt lint the limit will 
be first rcacheil in the fiangc which is under compre««ion, 1 e in the present 
cue (a beam siipportetl at the ends ami loidc<!) the upper /h»gt 

To put this in other wonls Wicn the etress upon each llnngc is 4 tons 
per square inch, the compressioti /Iniigc will he undergoing the limiting stress 
allowed for it, hut the tension flange Mill he undergoing onlj four fifths of 
the stre's that it could rightly bear 

I ig 12718a diagram show mg the intensity of stress on the different layers 
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of fibres at tlie moment when tlie extreme fibres under conii)ression at CE 
are subjected to tlie limiting stress of 4 tons per square incb at cc. 

When this intensity is called out, a similar stress Jf of 4 tons per square 
inch occurs on the lowermost layer DF. This layer would safely withstand 
5 tons per inch, but that stress cannot be called out without exciting a similar 
stress of 5 tons per square inch on the uppermost compression layer CE, 
i.e. a stress in excess of the limit of 4 tons per sr^uare inch. 

A cross section of the rolled iron beam is shown in Fig. 128, with the 
angles square for the sake of simplicity, and having marked upon it the 
amount and distribution of the stress upon the section. 

At CE the compression flange is 4" wide, the stress at CE is therefore four 
times cc = 4 X 4 tons =16 tons. 

At GH the flange is also 4" wide, and the stress four times (jli = 4" x 3'G 
tons = 1 4‘4 tons. 

At KL the web is J inch wide and the stress uj)on it at that point is = 
^ X f//i = ^ X 3'6 = 1'8 ton. Two points k and I are thus obtained on the 

diagram of stress, as shown in Fig. 129, 
which is an enlargement of part of Fig. 128. 

The diagram of stress is completed (the 
web being rectangular) by joining hi and 
hi (Fig. 128). A moment’s consideration will 
show that the same two points can be obtained 
hr’- dropping perpendiculars KK' and LL' on 
to CE, and joining K'n and L'n, the inter- 
sections with KL are the points required. 

Thus the hatched portion above the 
neutral axis represents the amount and dis- 
tribution of the compression on the fibres of 
the beam. 

In the same manner may be constructed the hatched diagram of tensile 
stresses below the neutral axis. 

It will be seen at once that the result we have obtained amounts to 
drawing Cn, E?i as far as their intersection with GH, and D?!, Fw as far as 
their intersection with I, J, and then completing the diagram by joining lUn, 
L'?j, Mbq and P'n. So that in practice Fig. 127 is not required. 

Thus Cohilp'E is the equivalent area of compressive stress. This area, 
multiplied by 4 tons per square inch, will give the actual amount of resist- 
ance to compressive stress. 

Similarly the hatched figure DrmnpsF below the neutral axis, multiplied 
by the intensity of stress 4 tons per square inch, gives the amount of resist- 
ance to tension. 

Kow we know that in the case of the timber beam the moment of 
resistance is equal to the stress of either kind multiplied by the distance between 
the centres of gravity of the eqirivalent areas shown on the diagram. 

It is, however, simpler in this case, and quicker, to take the parts of the 
rolled beam separately. 

Thus, in Fig. 128, the moment of resistance of the flanges is equal to 
stress area CoklpE x distance between the centre of gravity of Co/cZpE and 
of 'DrmnpsE x Limiting stress. 

The moment of resistance of the web = stress area Idn x distance between 
the centres of gravity of Idn and m^m x limiting stress. 


t I 

\ t 

\ t 

\ I 



Fig. 129. 
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Putting this into figures ive have — 


Distance between Centres of 
Gravity of Areas CoKlpT^ 
and DrinpjF 


Mofriaiiges= ®”^“^andl)mp»] 

” I -(•*+»'*")=<} I j; 4 ^ 9 63 inch 

= 72 43 

Tr WT^-u Stress Area Umitt ig Distance between Centres 

At 01 iVeb — X g^rgga X Qjayj^y of ^eas Wn and m 

= ^j- X 4 J' X i I X 4 tons X 6 inches, 

S'ff ^ ^ ^ 

__ =24 3 

Therefore, JI of Plangea tnd Web = 72 t + 24 3, 

= 96 7 inch tons 


STRESS DIAGRAMS 

In cases tvhere the flanges of the beam differ very greatly from rect- 



Fig 130 Pig 131 

angles, the nearest equivalent rectangles may be sketched in and the cal 
culations carried out as if the flanges were of this shape 

Tlius in Fig 1 30 ahei may be taken as tbe shape of the flange , and in Fig 
1 3 1 the flange may be considered as made up of opjr and stuv The moment 
of resistance of each rectangle should then be found, as previous!) explaiucd, 
and the sum of these moments will be tbe moment of resistance required 
AKeniaitvc Method — The following w another method, ^^hlch may 
occasionally be employed with advanh^e 

In Fig 132 the stress diagram for the shallow rectangle sv 13 obtained as 
explained for Fig 128 Now it is evident that the depth sit of the rectangle 
may be diminished until it becomes nothing, without altering the position of 
the points tfj and Vj The rectan^e su would then coincide with tlie line icv 
It thus appears that represents the stress m the layer of fibres ur , 
and in the same way represents the stress in the layer xy Hence «j, 
Sj, j/j, and Vj are points in the stress diagram of the flange 

And smiilarl) any number of points can be found on tbe stress diagram, 
as shown in Fig 132 

Area and centre of gravity of stre$s — ^The area of the stress diagram and 
the distance of its centre of graiity from n must now be found The former 
can be obtained by reducing in the usual way to a triangle, or better still, 
by means of a planimeter, should one be available , the latter can also be 
determined by a graphic method, which 13 too complicated for these Notea 
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Botli, lioM'ever, can be found by the following siinjde artifice witli ample 
accuracy for all iiractical purposes. 

Draw tbe stress dia- 
gram on a thick piece 
of Bristol board, and cut 
it carefully out with a 
sharp penknife. 

To find the area 
weigh the cut-out dia- 
gram, and then weigh 
one sc^uare inch of the 
same Bristol board ; the 
first weight divided by 
the second will give the 
area required in square 
inches. 

To find the centre of 
gravity . — ^klake a small 
hole at each of the 
corners D and F, so that 
when a needle is passed 
through, the piece of 
cardboard wiU swing 
perfectly freely. Attach 
a small weight to a fine thread and secure the thread to the needle as shown 
in Fig. 133. Mark the position of the thread on the diagram, both when sus- 
pended from D and from F ; the intersection of these two lines is the centre 
of gravity required. In the particular case under consideration the centre of 
gravity lies on the centre line through n, owing 
to the symmetry of the diagram. 

Matliematical Method of finding the moment 
of resistance of a wrought iron X beam. — The 
graphic method described, pp. 83 to 85, gives exactly 
the same result as the accurate mathematical formula 
given in Eankine’s and other works, and is simpler 
to understand. 

The mathematical formula is — 

M = . . . (63), 

1 T • VO y 

where ro=limitiug stress per square inch, 

I = moment of inertia (see Appendix XIY.), 


I is worked out for the present example in App. Fig. 133. 

XIV., and found to be 120 '7. Substituting in Equation 53, we have 

To — 4 tons for compression, 

2/0 = 5 inches, 

Vo 

_4x 120-7 

5 ' 

M=96'7 as before. 

When the beam with its load is in equilibrium, the moment of resistance thus 
found is of course .equal to the bending moment found in the manner already 
explained. 
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S7 

Tlio cnlctihtf'^n* iifcr«<iry !o •«c^riniii ll»c wfplii a pvm rt)ll<Hl uon Iioam will 
ciTTt, or Jo fill 1 tl 0 (luiKininjn of micli a to c*irn a lai 1 of |>.irtic«lar weight 
an 1 tli»trU ution are i>unilir to tltw aln-i ly for tlml>er hcantt. 

Fx-vmi Ip* of *oino cf tl cfavj likely to octur in | ncticc arc picn as illustration* 
at p. (I t'l 

Approximate and Practical Pormulro for Rolled 
Iron Roams. 

Approximate Method, Ifo 1 {tjnonnj trvt).— In tiio’t Ixwks of formulT, 
anrl ui imn\ otlnr work' •le»cr»l»m,; the ctlcnlation of roHcil hcim«, the rv'i't* 
anre to ilircot #trr‘'o» all nlc«l l»t the «tb ii tpiori'l , the rr«{stflnc<. of the 
flanges alone i* c-ilculalf^l 

Tims III t2S, j> FI, (herc'j't'incc imlicatc I h} llie tningle 4f» Trotihl 
l-c onuttotl. 

lii'tcvl, howc\cr, of taking the etra** area Col/; 11 ns teprt'i-Titing the 
aaraing n-'J'tanre t f the flanp, the whole ana of the fiance is taktn 

Again, in'tcal of taking tht »li«taiicc iKiwetn the centres nf graiitj of 
the •tn.'*s arc.as ns iht Icn^lli of the ann of the coiiiiJe, tlic full Jt j th of the 
beam IS taken 

The resttlfiiig f nnwh itaniN thn* — 

M - nrea t f flan^^v x liimting stress x «!epth, 

••Axr.x<f (54) 

Tins formula pise* ihfi-cha*. n»nlis, and the ilurkcr iJn web (in iropor 
tion) the gnatir the irror Tlic error will thersforv bo gnatcr in small 
polle<l l*ettn*(«s jn the alx/io inst-inct) than tn large one* Taking the beam 
ju*t fltnlt sTith, nml r« « 4 ton* 

M-*4x A X 1 X 10, 
v> 60 inch ton* 

ISe know from p 63 that its actual saliu, ns thirc cnlcnhtcfl, is OCT 
inch tons. 

Tills formula rlioull therefore 1« cmploaetl onl\ ns n trial method to 
pick out a fuitiblc acetton, ns ehown m Example 0, nml to be followed up 
by the ncciirate nuthcKl tilrcadr cxjdmneil 

Approximate Method, No 2 (iiif/iwfin^ icyt) — In the method juat desenUd 
the flanges only arc con*i<lcre<l, the wrch ignored 

From a glance nt Fig laS, p 83, it will l>e seen that the moment of the 
tnangk of stress llnis ignored, tx i/n, is npproxiimtth 
■= nrea Ibi x jff x r„ 

4 area of a\ ch x jif x r„ 

*a J ana of wcbxdx 

If, therefore, we add J area of arch to the area of the flange and multiplj 
hy d, wt shall hasc another formula for the moment of rcsistnnct, namely — 
II = (A + J area mb) x r, x d (55) 

Taking the same i>eam os before, 

M = (4 X i + J X 10 X J) X 4 X 10, 

113 inch tons. 

Tins formula gnes too large a result, and is therefore not n safe one 
tou'e, the true aalue of 31 lies between thcaaluea found bj the two approxi 
mate formul'c 
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■ Practical Pormula for Holled Iron Beams, whose Length, 
Breadth, Depth, and Weight are given. 


The student should ohserve tlmt in the case of rolled iron 
beams the choice is practically lunited to the sizes which are 
usually rolled by manufacturers, and in many cases to what happens 
to be in stock. Most manufacturers publish a list of sections, and 
many also supply illustrations of full-sized sections. The process 
is therefore to select from such a list that section which best fulfils 
the requirements of the case. Tor such a purpose the aiDproxi- 
mate formulse given above are very useful, but it sometimes happens 
that only the depth, the width, and the wciylit 25er foot are 
obtainable, and it is to be observed that this is the information 
usually given when specifying for a rolled iron beam. The follow- 
ing formula based on these data is therefore useful, namely — 
Approximate Method, ITo. 3.— Safe distributed load in tons 

d 

= 0-52(w- 0-3&r?)^. . . (56), 

where w = weight of rolled iron beam in lbs. per foot, 
b = breadth in inches, 
d — depth in inches, 

L = span in feet. 

This formula is constructed on the supposition that the 
maximum safe stress is o tons jDer square inch, and it will be 
found on trial to give fairly good results. 


Distributed Load that can be safely borne by a Boiled 
Iron Beam of given Dimensions. 


Example 8. — Co'nditions . — Suppose an IE rolled iron beam to be of tbe 
section shown in Fig. 126 and to be 12 feet between supports, what load uni- 
formly distributed over its length will it safely carry ? 

Calculation by mathematical Method. — Preliminaries . — Taking the 
safe limit of stress in compression at 4 tons per square inch, we know from p. 
86 that the moment of resistance of this beam = 96’7 inch-tons. 

The maximum bending moment (see Case 7, p. 33) M,. = — . 


But 


Mc = M, . 

^rf2 = 96•7 inch-tons. 


or since 


8 


Z=12 feet=144" 


TV = id ■- 


96-7 X 8 
144 ’ 

: 5’37 tons. 




Calculation by approximate Method No. 1. — The value of M found by the 
first approximate method which ignores the web was 80 inch-tons (see p. 87). 
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Iltnw 


“s' 

tc/s 


afiO, 

S OxS 

144 ’ 


Tims tins method p\M as the distrilnitM wHftlit thnt can safely Ixj carried by 
the l>eani 4 44 tons, sTherras h} the more acennto nsetho<! it n'as found to bo S 37 
tons. 


Distributed Load that can safely bo borne by a Rolled Iron 
Roam of given Length, Width, Depth, and Weight. 
Eifimplo 0— A rollcal iron l»oini 12 inches deep and C inches broad is 
found from a Table of Sections to sseioh C6 lbs. to tlic foot Ilencc, from 
the apjiroTimnU /ormiiln Ro 5 CiC), for a sjwin of 18 feet s\e bite 
Siftf (iKnbutul lcwl«0 'il*(5C - 0 3 X C X 
olio tons 

Tlie nvcm,*e thichncss of the flango of etich nn iron binm is 1 inch 
Hence, UMng opjiroxunofc /ormult Xo 1, 


. . 8x0x1x5x12 
Safe distributed load id = — » 

e> 13 .3 tons. 

Tlic moment of inertia of this scclnm Mill lx? found to be 400 Hence 
b} the »«<if?imaficn//omuf<i (*ee Djnation 53, |> 8C) 

’if 

» "w.* 

« * 1 , , , , » . & X dOO X 8 

Safe di'tnbuUal load x la x 12 ' 

«• 12 3 tons 

EiaiaploOA.— Again, tahe the c^«e of the rolled iron beam IC'xC'of 
srhich the moment of incrtn is 730, nod let us find the safe distributed load 
for a span of SO feet, nhen (he l)C.am is supported at the ends. 

On referring to a Toblc of Sections such a.s is published b) manufacturers 
}S JivJJ Iw AM*.^ ii.'sS ih.'^ scd.'cn wt.'ghs f^3 Jli? ic< 1.W Xoot Jlesce ly 
approninaU formula Xo 3 

Safe distributed load = 0 52 (63 — 03x0x10) J-J, 

= 13 8 tons, 

and by the ac^uraU matJ/cnuzUeal formula 

Safe distributed load = ^ ^ 2 * 

8x 20x 12 
= 15 2 tons 


Section for a Joist of a spoclflod Span to carry a given 
Dlstnbutod Load. 

Example 10 — ConJitiom — A rolled iron floor girder of 20 feet span 
and fixed at the ends hts to carry a uniformly distributed dead load of 1 
ton per foot run of its length 
Find the dimensions required 

(1) For strength, 

(2) For stiffness. 
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Preliminaries s — 

w = l ton per foot run = -j^ ton per incli= 186 lbs. 

1 = 20 feet 240 indies. 
j5 = 2 9,000,000 lbs. for wronglit iron bars. 

Resistance to direct Stresses .- — This being a case of a beam fixed at the ends, 
the greatest bending moment is at the point of fixing (see Case 2, p. 72), 


and is (Equation 51, p. 72) 


wP 

T2' 


Therefore 


M - T\‘(240r 
12 


= 400 inch-tons. 


and hence the rolled beam must have a moment of resistance of 400 inch- 
tons. 


It is practically necessary to select a section from those kept by manu- 
facturers. Supposing, therefore, we have a sheet of sections before us, and, 
as a first trial, select a section 12" deep, with flanges 6" wide, and 1" thick. 
Using the aji^roximate formula No 1 given at p. 87 (Equation 54) we find 



M=6x 1x4x12, 

= 288 inch-tons, 
which is a great deal too small. 

Trying next a section 17" x 6" x 1^" we find 
M = 6 X 1^ X 4 X 17, 

= 510 inch-tons, 

whicli is more than necessary. A section 1 6" x 6" 
X 1" gives M = 384 inch-tons. This section will 
therefore probably do, since the value of M found 
by the approximate formula is too low. 

The moment of resistance of this section may 
be found by the graphic method thus : 

The upper and lower flanges may be taken as 
having a mean thickness of 1 inch, and the web 
is inch thick. 

The equivalent areas are drawn as described at 
p. 83, and W'e have the following moments of 
resistance (Fig. 134) : — 


For flanges ^ inch-tons 

J (6" -b f 6") X 1" X 15" X 4 = 337-5 

For web 

^"xf xlx7"x-|xl4"x4 = 64-3 

Total moment of resistance = 401*8 
This section will therefore be suitable in point of strength. 

^ 15", the distance taken between the centres of gravity of the stress diagrams 
for the flanges, is a little less than the true distance, because the stress diagram for 
the flange is a trapezium, not a rectangle. The true distance is 


2(7 -bj 


2 X 6 -f* ^6 . 


> 


6 + 16 
= 2(7 + 0 - 51 ), 

= 15-02, 

and the moment of resistance for the flanges becomes 342 inch-tons. 
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It mu^t of courc un«lcr»too«l lint no holes nrc to Imj nnlc in either 
flange If an) are nccewin , the I rci Itli or thicUiess of the t > 1 ) on I bottom 
Ihngca mu«t be incrcn.«etl acconlmoU 

1 t$utanc< to 5 / «iri> <7 — c know then tint the l>oam selected is able to 
1)cir the direct stre<«es tint niU cotne ui»n it , the next question is whether 
the neb mil Uar the shearing stro««ea. 

Tlic greatest shearing straps la nt the points of fixing on 1 it there arnotinfs 

to (tee Case 7, p 59) « jo tons 


This has to be re«i*tcd b) the rectnnal area of the web Tins area is 
1 ^ rqnare inches, 

10 tons , , 

ibe shearing stress n lU therefore bt 1 j ton square melt 

J7ow ibc s.ifc working shearing stress nia)* K taken as t tons per square 
inch, so that the areh n anijl)' strong enough 

i>/crtion — FromC»«o 2, p 72, an I Appendix ^ III^ we sec that thcinaai 
imim deflection of a beam of uiufonn section fireil at both tii Is and nuifonnl) 
loaded throughout Us length is at the centre, an 1 is 


A 


\\f 1 

’ll’' 381 


We know (Equation 53, j« 80) that 

I-Mxi. 


»402 X 
-801 


JC 

X 4’ 


^ 20x 12x 180x240’ 1 

““ 29,000,000X604“ '^sFr 
«=0 00 inch, 

or much less than the specific*! hunt for floor gmlers (see p CO) of per 
fo<it of span, MZ. in this ca*e, 1' 

Tilt section of ginler cho«en is therefore both strong enough anl stiff 
enough for the jurpo^c, if care is taken m settino it that the ends are 
properJj /wal 


Ilomarks on BoUod BoamB 

Targe rolled teams not theoretically economical Rolled teams 
much used because cheap and useful Can, he fixed at ends Kolleci 
iron beams aslien more than 12 or 14 inches deep are not theorcti 
call) economical, because tlieir section is uniform throughout their 
length, and their flanges arc equal to one another They are 
therefore not of uniform strength throughout their length, and thus 
more matenal is used m them than 13 tJieorctically required 

A glance at pp 34 and 60 will show tlmt m a section of uniform strength 
both web and flanges would rarj’in Jitneastons at different parts according to 
tbe stress that comes upon them. 
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Tlius for a beam witli a uniformly disti’ibuted load and supported at the 
ends tlie area of the flanges required at tbe centre to meet the maximum direct 
stress becomes unnecessarily great as tbe ends are approached, because tbe 
direct sti’ess diminishes (see Fig. 50) towards the ends. 

This is still more tbe case Avitli a load at the centre (Pig. 48). 

The web, on tbe contrary, would theoretically require to be greater at tbe 
supported ends to resist tbe shearing stress, and would gradually diminisli 
towards tbe centre. 

Tbe flange in tension might be smaller than that in compression, as it 
can be safely subjected to a greater stress per square inch. 

In tbe same way, beams of uniform strength for other dispositions of load 
would theoretically require to have flanges and web with varjdng sections to 
suit tbe stresses at different points. 

Tbe method in which rolled beams are manufaetured (see Part III.) 
renders it impossible that their section can be varied to suit the stress that 
comes upon them at different points. 

It results, therefore, that these beams rolled of uniform section throughout 
must contain more material than is theoretically required. This is not of 
much importance in small beams ; when, however, the beam is large, the 
waste of material becomes important, and it is better to build up such a beam, 
or girder, with plates and angle irons so disposed as to have at each point, as 
nearly as may be, the exact amount of material which is required to meet the 
stress at that point. 

The method of doing this is described in Chapter VIII. 

Eolled beams are cheap and convenient, and are therefore used 
for a great many useful purposes in spite of the fact that they 
contain more metal than is theoretically necessary to meet the 
stresses upon them. 

One advantage of rolled iron beams is that they can be placed 
with either flange uppermost, thus preventing all chance of mis- 
takes which occur with other girders put up by ignorant men. 
Moreover, as the flanges are equally strong, these beams can be 
j^vecl at the ends, thus greatly adding to their strength — giving 
them a great advantage over cast iron girders, which cannot so 
readily be flxed. 

Of course as compared with cast iron girders they possess a 
still greater advantage in being made of a sound and reliable 
material which will not give way suddenly. 

Market Sections. — Eolled I joists can readily be obtained 
in either iron or steel, from 3 to 20 inches in depth, with flanges 
up to 8" wide. The largest sizes are not economical to use, as 
explained above. 

Girders huilt \vp xeitli tlie aid of i iron teams are sometimes 
used. The following are some of the forms : — 
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Fig 137 

Fig 135 m'ly bo nseful in some cases, bnt a beam built up 
Avitli pkto ami finale irou would probablj be better 

rig« 136 mid 137 arc distiiictlj fault} owiug to tlic waste 
of material at the centre of tlie section 

steel rolled joists or beams arc similar 111 form to those of 
wrought iron and can be calculated in cvactl} tlio same way, 
using the following working stresses tension tons compres 
Sion tons per square iiicli 

Adopting these stresses Formula 5 C p 88 may be modified 
for steel as follow s — 

Safe distributed load m tons 

= 0 07 ( 5 to) 

"With regard to the limiting stresses in rolled joists of iron, or 
steel it should be remembered that while a worling compressive 
stress in the upper flange equal m intensity to that of tension m 
the lower flange may be permissible in beams well supported 
laterall}, jet that in the case of unsupported beams liable to 
lateral flevure these stresses should be modified in accordance 
with the proportions of the top flange considered as a column but 
deriving assistance from the stiffness of the solid web 


Chaptek V. 

CAST IRON GIRDERS.' 

T he calculation for cast iron girders may be based upon the 
same simjDle methods that have already been explained for 
timber beams and wrought iron X girders. 

There is, however, one principal point of difference, which 
makes the calculation at first sight not quite so straightforward 
and simple as in the cases previously explained. 

This difference is caused by the nature of the material. In 
the timber and wrought iron beams the resistance to tension per 
square inch was the same or not very different from the resistance 
to compression ; but in cast iron the resistance to tension is very 
small compared with the resistance to compression, as will be seen 
at once by a glance at the following figures. 

Eesistance of Cast Iron. 

Ultimate Eesistance. — Tlie xiltimate resistance, i.e. tlie resistance to actual 
rupture of cast iron obtained under projier specifications for girder work, may 
be taken as follows : — 

Tension ... 9 tons per square inch. 

Compression ... 48 „ „ 

Shearing . . . 8|- „ „ 

Working Resistance. — Working or safe limiting stress to be put upon cast 
iron per square inch : — 

Tension . . . 1^ tons per sqirare inch. 

Conqjression . . . 8 „ „ 

Shearing . . . 2’4 „ ,, 

It win be seen from the above that the ultimate resistance 
to tension is about one-sixth of the resistance to compression. 
The limiting stress to be allowed in tension is therefore one-sixth 
of that allowed in compression. 

Flanges. — If the tension flange is not made equal in strength 
to the compression flange it will tear across before the compressive 

^ The formula for practical use will be found at p. 95, Equation 57, and in App. 
XXL 
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stress upon the other flange is equal to what the flange is able to 
bear It will be seen that approximately, if the web be ignored 
altogether, the tension flange should, in ordei to be of equal 
strength with the compression flange, have an area six times as large 


Approximate Formula for Calculation of Cast Iron Girders. 


The formul'e ordinanlj used for the calculation of the strength 
of cast iron girders are based upon the valuable experiments of 
the late Jlr Eaton Hodghinson 

Those experiments weie made with girders having webs so 
thin that the webs may practically be ignored, because they afforded 
very little assistance to the flanges in resisting the direct stress 


Mr Hodglimson arriied at the conclusion that Fig 138 is the best form 
of section, for a beam required to bear an ultimate or breaking strain — 


“The section of the flanges being in the ratio of 
6 to 1, or nearly in that of the roeiu crushing and 
tensile strength of cast iron ’ 

He also inferred from his expenments that “ when 
the length depth and top flange m different cast iron 
beams with lery largo flanges are the same, and Ou 
thie!«ies3 of the xertical pxri Mtccen the flanges ts small 
aidimartable the strength is nearly in pioportion to 
the size of the bottom flinge Also that in beams 
which van only in depth eveiy ether dimension being 
the same, the strength is nearly as the depth 



From these data! he found the moment of Fig 138 

resist'ince « C x a x d 

a being the area of the ten«ion flange in inches 
d bemg the depth of the girtler 

C being a constant or modulus found, by hreal ing several experimental 
beams, to be 6 i tons 

This ^ alue of 0 gi\ es the resistance to actual breaking , the u orking 
modulus may be taken at one-fifth of thi«, te ton 

As the bending moment equals the moment of resistance we haie 

M = Cxrtxrf (57) 

For instance, in the case of a beam supported at the ends and loaded in 
the centie 


-^Cad, 

,r 4Crtd 


4x6J tons X ad 


26 tons X ad 

i 


^ These results are not here stated in the exact form giien by Sir Hodgkinson, 
but are modified to make them in accordance with the formulte given above for timber 
and wrought iron beams 
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If I be reduced from inclies to feet '\V = — j ; and tliis is the shape in 

■which the formula is generally given in books, ■where lY is the hrcaldng ■weiglit 
in tons. 

It -svill be seen that this formula roughly gives the moment of 
resistauce of tlie tension flange. 

In practice it is found that when cast iron girders fail, it is 
generally by the rupture of the flange which is in tension — the 
flange in compression is generally more than strong enough. 

If, tlierefore, the tension flange is strong enougl), the girder is 
likely to be safe. 

The strength of the compression flange may, however, be 
approximately found by the same formula by substituting 48 tons, 
the breaking stress in compression, for tlie A^alue of C. 

In recent practice the area of the top flange is raised from 
one-sixth of the bottom flange to one-third or one-fourth, so that 
by increased breadth sufficient resistance shall be offered to lateral 
bending. 

Tliis formula is very simply applied as shown in Examples 
11 and 11 A, and though it is only approximate, it is quite accurate 
enough for the calculation of cast iron girders. The material of 
which they are made is so treacherous and uncertain that it is 
always necessary to use a large factor of safety, or (-udiat amounts 
to the same thing) a small limiting stress in calculating them. 
Any minute accuracy in the method used for ascertaining their 
resistance would therefore be useless. 


Graphic Method of ascertaining the Section 
for a Cast Iron Girder.^ 

The distribution of stress over a cast iron girder under a safe 
load, and subject only to a small limiting stress, can be shown in a 
manner similar to that already described for timber and for wrought 
iron beams, and its strength determined from the diagram thus 
obtained. 

Such a diagram will show the actual distribution of the 
stresses over both flanges and the web at the moment when 
the extreme fibres under tension are subjected to the working or 
limiting stress, and can easily be constructed as follows. 

1 This is described as it illustrates pn’nciples, and for the sake of those who , 
prefer drawing to caleulations. 
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Tims at CD there are 4" of fibres, each acted upon by a stress equal to 

13 13 

d'n' or — X tbe limiting stress, so tbat C^D^ = — x 4 = 7^ inches. At ffh there 

12 

is 1 inch of fibres acted ujion by — of the limiting stress, so that the width 

12 

of the stress area at this poiut is=-ir- inch and reduces gradually until at 

the neutral axis the direct stress is nothing. 

The equivalent shaded area in tension below the neutral axis is of course 
equal to the equivalent shaded area in compression above the neutral axis, 
being in each case about 17-^ square inches. 

The centi’es of gramty of these two equivalent areas are 15*97 inches 
apart, and the moment of the couple, i.e. the moment of resistance of the 
girder, is equal to the equivalent stress area of either kind in square inches x 
the limiting stress per square inch x the distance between centres of gra^dty = 
17y square inches x 1|- ton x 15*97 inches = 417*5 inch-tons. 

Comparison with Result from approximate Formula. — Let us compare 
this result with that obtained from tlie^iproximate formula given at p. 95, namely — 

M=Cad. 

Taking 0 = 11; ton, as at p. 95,_we find 

M=lx (16x1^x20, 

= 400 inch-tons. 

But the limiting stress has been taken above at 14 ton per square inch. If C he 
taken =14 ton, ]M=480 tons. 



Fig. 142. 

Linear sealc 14"= 1 foot. 
Scale of slrcsscs 1 inch =12 ions. 


Fig. 143. 
Scale of stresses 
1 inch = A tons. 
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ftj-rnnj IfV! —In a pinlcr of ll»c p<ftir n ►liOM-n in 1 *42, 
nn \ nt ]>. Kn, I’lrt I , wlur*. U»e vrcb tiptr* m tlilckiic‘i ftvm tlic nj j'^r i<> 
l!ic lottt r fiiiigc, » ipjorUHl at tlic cni!» ati 1 1 vhIihI, tlic ftrr* t <i w«ul ! K as 
»1Ionnlnll^ 14J 

ll wjU hImi l-o notifcil tint the in-uitmitn i‘trs‘s in a mj n«'iwn, tlitt 
<1 i the cstreim. njjtT fihh, i* on!} ton* 

Mathomftticnl Method for cnlculntinR tt Cast Iron Qirdor. 

n e rullifnisti »l inr-'l o>l nny *lrv-ril«s!, il tl e gnj !uc l ictl oJ jmt 
«’fv 111*01 i» e jinllv a cursl**, an 1 Mf<r tn tj»< 

Tlitf -nJ>»i.Mro-M 1. -I.it '■•1. in Klilcli 

V, 

OwlinlUrj; atrw in tomj m»icti 
r,«= „ tfO'iJon 

• , e lutai N V to cxirtmc f 1 re « f cowj rr »\'o» flinp« 

y ~j ,, ,, l«j» ou 

1 If iro "ftit t f Intrlia. 

‘n'‘f mrrff tJow* t»of rmnV l« i.»ot tt| tn lii'* rc'mi'TT«ion fan;^ i* « filer 
(1 an tl <* < tl cr , ll e latter fomm^a «) cn (a» is u«.ally tlie case) tl c teuiEon faii^ 
IS ll f WraVef 

A tas« itoikoJ *> t ly t' t* r»'‘tl <>1 i» »' own at | lOl 

Ki,nS 141 ««1 142 a clear lies <f the intnre nnl «lMtrilintion of 
ll c eJifiel •-‘cs f *1 n rut m/n ^.inlcr, hut f*r llie pten nt p hO il 

IS f<lil(tn ii«-f<*nr> to pn into am ncciinti eilctilniun* for rticli pmlcrs, 
llip I’oinr; t'rm i« «lt‘tnlatee| in the nine wit m •lo‘enl««l nt p 01 
fi r litnUr Wi ns. It I* tifitl) nil l*onic t} the ml , l^cinp a m-vtiiimm at 
tl c tu itral axis an 1 eluiiaii*hinp cu the tlsnpea an. aj ] nxtchi-O, until ut the 
rttr.cji tljcm*«:ltci (he eluann^' <trc'» is almost nolhine. 

Practical Points connected Tcith tbo Form of Cost Iron 
Girders-* 

rrojxjrftoiit of Ilnwtjf ^ — In both Iho Ecclion'i given it will 
be seen tint llio comiirc^sion flingc is never cnllcil uiKm to 
umlergo nnv thing liko the vrorking sire's tli it it can S'lftl) bc'ir 
Tims in Tig 140 the stu's on the extreme fibre in coinprc‘'sion 
IS onl} 2|-J tons insUiiI of 8 tons per eqtmre incli, nml in I ig 143 
It IS onl} Si tons ptr square inch 

It appears, therefore, tint so far as v*3istancc to crushing is 
concerned, the compression flange might bo made Bimller , pncti- 
call), Iiowcver, oilier points Ime to be considered 

llic flange vvhicli undergoes compression must not be made 
too narrow, or (though safe ogainst crushing) it will fail bj buck- 
ling sidcwijs 

3 he greater tlie span the wider the flange sliould be No rule 
has been laid down for this, but it is well not to make the com- 
pression flange narrower than ono-sixticth of the span 
* See alao Part 11 
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It will be further seen that in some cases, when from construction of the 
whole building it is impossible for the cast girder to buckle, the compression 
flange need not have an area exceeding one-sixth of the area of the tension 
flange, and this proportion is sometimes taken as the universal rule. 

When, however, the compression flange has to be widened to resist cross- 
birckling, or Avhen it is required to be Avide to support a Avide form of load 
such as a AA'all aboA'e, then it is often necessary to make it of greater area 
than one-sixth of that of the tension flange. The consequence is that some 
Avriters propose one-fourth and others one-third as the proportion (see p. 96). 

Each case must, hoAvever, deiDend upon circumstances. As a 
rule a compression flange having one-sixth the area of the tension 
flange is large enough, if it is Avide enough to resist cross-budding, 
and to carry the load upon it. 

The web must of course contain sufficient area to Avithstand the 
shearing stress that comes upon it. 

In order to prevent it from “buckling” sideAvays it is customary to 
strengthen it by feathers or stiffeners, as shoAvn at / in Fig. 1 44 and in Part 
I. Figs. 245, 246. 

These stiffeners should, however, be avoided as far as possible, because 
the angles formed by their junction with the Aveb and flanges tend to produce 
Aveak points in the castings, for the reasons explained in Part III. 

The depth of a cast iron girder must of course in most cases 
be governed by circumstances, but Avhen possible it is desirable 
to give it a depth of at least one-twelfth the span, or one-tenth 
Avhen considerable stiffness is required. The depth is, hoAveA’-er, 
very often made much less than this in practice. 

Camber. — Cast iron girders should be constructed Avith a rise in the centi’e equal 
to rh) to of their span, so that they niaj'- not Avhen loaded sag or droop below 
the horizontal line. 

Points connected with casting. — So far as the requirements of good casting 
go,t for flanges 2' wide it is not AA'ise to huA^e a less thickness than l|-", and 
for flanges 18" AAude not less than 1", but as a rule 2 the thickness of any part 
should not exceed -jV of the Avidth of tlie part. 

When one flange is to be thinner than the other, as in Fig. 142, the web 
may taper from one to the other, each end being equal in thiclaiess to the 
flange it joins.- 

Some founders prefer that the thickness of the metal should be the same 
throughoirt Aveb and flanges, as in Fig. 1 4 1 . 

In any case, there should be no sudden A’-ariation in the thickness at any 
part, and no sharp angles. 

Girders of uniform Strength. — The method by AA'hich cast iron girders 
are made is such that they can without any difficulty be cast so as to 
be of uniform strength, the form A'arying according to the load they liaA'e 
to carry. 

Thus for a girder with a uniformly distributed load the shape would be 


1 AATay. 


- Adams. 
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flj proximitilj tint fliown in 144 or I4j» ll'C nntenil l>cjng rehiccd 
«I:cre thp ftix's le“>, fo ns to form crmc^' 

llip nltcntion m Fcction Jin\ be cblimwl bjr nltoring tlie Jcjtli, nsm 



IS 


gi 


Fig 144, nn 1 IciMiig llie fimgcs of timform tbrouO'out, or Ij 

nltornig llic m kUIi of ibe flanges at <ltfl«.rTnt |»ojnH ncconling to llic Ftrr»s upon 
them, 1 ct 1 mg ibt Jej th of tbc girtler constant t1iroU(,}ioii(, as m I 146, 

147 


rt.rt at:o\ 



A cast iron f^tnler shouU ncicr be flxctl at the cn<l«, lccau«c of the 
change from comi rv««ion to tension nhich tabes placu (as Fhonn m hig 112) 
jn the lop flange as the fixed cnl is approached Tins is not d «irablc caen 
vhtn the gmler is designed accordinf,]) , nnl is ims.afe if the mlmarj dtsinii 
IS folloiml, f»r then the lop flange at the point of fixture \riU be undulj 
jtrained in ten«un 


I WMPLES OF evST IIION BLVMs 
Coat Iron Cantilovor 
Example II —Con fitiojM — A ea'I iron 
cantileecr for n balcon} (hig 148) has a 
j rojection of 0 feet, and has to cnrrj a 
chvtnbutel deal load (mclnding its os\n 
weight) of A ton per foot run The depth 
at the \\aU tnu«t not exceed 3 feet Finel 
the dimensions for the caiitilcecr 
rrthvxinantB 

irsa ^ tons=ntiglit per foot run on the 
cantilcier including its oism n eight, 

= ■2’^ ton per incli run ” 

• llicoreticilly the cune for I ig 144 should bo something between a j arabola 
and an ellipse In practice an arc of a arclc with ends rounded is used t! e ends 
being half tlio depth of the centre H e curres on plan Fig 147 are parabolas 
" The cantilevers are assumed to be S feet apart 
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Z = length = 72 inches. 

0 = 1 ton per square inch = coefficient for Hodglcinson’s formxila. 
a = area of top (or tension) flange in inches (to he found). 
d = depth of cantilever at ■wall = 36 inches. 

E = modulus elasticity of cast iron= 17,000,000 lbs. per square inch. 

No'U’ since M = M, 

I 

hence (Case 2 , p. 28) wl . - = Cad, 


that is, 



Fig. 149. 


y’j X 72 X 36 = 1 X a X 36. 

Hence area of tension flange is a = 3 square inches, and the flange 
may he 4" x f" 

area of compression flange = ^ x 3, 

= square inch. 

Thus the -weh is thick enough to act as a compression flange, or 
an enlargement may be made for appearance, as sho-ivn in Fig, 
149.^ 

Die shearing stress at the •\vall •will be = '?cZ = 3 tons (Fig. 83 , 
p. 57). 

The thickness of 'U'eb t required to resist shearing 
shearing stress 


depth of -web x -working resistance to shearing jjer square inch’ 


3 tons 
36x2’ 


= T;V inch, 

the actual thickness !■" is therefore 18 times as strong as it need be. 

Great •waste of metal and sacrifice of appearance -would result from 
making the cantilever of uniform depth throughout. The depth required by 
theory at different points may be found by equating the moment of flexure 
at each point -ttdth the moment of resistance. 

At any point P distant x from the -wall = 


We have then 


w{l — x)"^ 
2 


Cad, 


^^_ w{l-x)^ 

2 


X 


1 

'Ca' 


Taking I = 6 feet, When a: = 1 


« = X 


1 

1x3’ 


x=2 
x=3 
x= 4 
x= 5 
x= 6 



d = |2xi = 

d = 0. 


|-| = 25 inches 



= 1 inch 


Setting off these values as ordinates at the different points, and dra-uung 
the curve of the bottom flange through the extremities of the ordinates, 
■we have Fig. i 50 . 

^ It should be remembered that this proportion of compression to tension area 
applies to girders ■with parallel flanges. If the cantilever be designed as sho-um in 
Fig. 150 the compressive stress may be ascertained by the method of moments round 
the point A, and the flange area must then be proportioned to the stress so found. 
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The curro wiiglit ln\c Ixmmi osccxtiiocd hj tlnwing n j^inbola with its 
nppx nt li thron;,h Cl) 

It Ins al«o lx<’n pIiomu lint niti of "J! ' / 

thewch H ht^oh m cxci «.s of the requin- 
iiKiits It IS t\ uknt, tliertfon, that large 
holes iins lx nnlc in the \\ih»fts m 1 v 
148, iilucli Mill lighten the nntilevcr ainl 
im^rosc Its aiipoirancc >\ithout tnihitig 
It too weak The cntl of the canlilucr 
iina with ntUantngc be thickened os 
fhown bj the dottwl line, Fig 148 

T7« of the cantilcxcr cannot be accuntcl) aaccrtaiucil, because 

it Ins l>oen dcsignc<J h} an approximate formnl'i, in which the resistance 
ofTonled bx the wi.b has not been takm into account 

Afsnnnng, hoxTcxcr, tint tin stress on the tension flange xull not cxccctl 
the limit of 1 ton per tqnarc inch, the probable ilcflcctton nnj be ascertained 
hj" Eijualion 45, jc C7 



A 

in xxlucU n 


iy. 


1 (for a canlilexer of nnifonn rtrength an I breadth^ 
1 (on, 
l«:2 , 


lienee 


♦/,«» 10 mche* ncarlx 
. 1 x2240x72 


1 7,000,000 X !«’ 

•■001 incli=„*j iiicli 

Tlie allowal ?e deflection, exen if there were to be a ceding boloir is i\j 
jxir foot run of cauliltxtr® , «o that this cantilexcr is ampl) stifT 
enough 

If anj holes arc mad" in the upper flange to mil m eecurmn the platform, 
n siifijcnnt w j 1th must la added to the iij per flange to make up for the Joes 
in area caused b} the holca 

Clearlx, also, it is not strictly accurate to take the load (including weight 
of canlilexer) iiiiifomil} nt 4 ton jerfoot, ns the. xvcight of the cantilexcr 
itself xnnes from 8 lbs per inch run nt the xsnll to nhiiost ml nt the end 
In this Fiiiall cantilcTcr this is of uo conscipicncc, but in larger woik it xxould 
become important 


Cast Iron Girdor. 


Ezomplo IIA.—T0 fend the wci^^ht that a gixcn girder mil bear 
Condition* — A number of old cast iron ginlers m stock haxe their cross 
section tJiroughout of the form and dimensjons shomi in Fig 139 Span 
= 20 fut 4Miat distributed load per foot run w ill thej safelj bear when 
supported nt the ends! 

1 B]} ihe oj)projnninf<* rule (Equation 67), taking limiting stress in tension 
at l4 ton per square inch, 
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iJ-x 16x20x8 
“ 2402 ’ 

= 0-067 ton per inch, 

= 0-8 ton per foot run. 

If 0 is taken at 1 J ton, as recommended at p. 95, the safe distributed load 
■would be "I 0-8 = 0-66 ton per foot run. 

2. By the gra]}Mc method, taking the limiting stress in tension as li- ton. 
From p. 98 "we know M to be 417‘5 inch-tons. Hence 

wP 

- = 417-5. 

=0-058 ton jier inch, 

= 0-70 ton per foot. 

3. By the mathematical method. — Finding I as in Appendix XIV. to be 
1950, and knowing the tension flange to be the weakest, we have, since 

8 

Uxl950 


= 417-8 inch-tons, 

and w = 0-058 ton per inch, as by the graphic method. 
Deflection. — To find the deflection of this girder when loaded with a 
distributed load of -7 ton per foot as found above by the graphic and mathe- 
matical methods. 

liWl^ 

From Equation 44, p. 66, and Table C, we have A= 


n = — — for a girder of uniform cross section supported at the ends and 
oo4 

loaded uniformly. 

I = 1950, see Appendix XIV. E = 17,000,000 lbs. per square 

inch. 

5 14 X 2240 X (20 X 12)3 

“ ^ ^ 1770^0,000 X 1950 "" ^ 

The deflection allowable if there is to be a ceiling below would be per 
foot of span, or = V'. The girders would therefore be amplj’- stiff enough. 



Ckaftfr VI. 


TENSION AND COMPRESSION BARS. 

I X the pre\ious chapters we lm\c considered ^arlous methods of 
calculating the strength of beams made of one piece of material 
—either wood, wrought or cast iron Such beams can only be 
made of comparatn ely small dimensions, and in the case of wood 
or WTOUght iron it is, as already pointed out, uneconomical to mahe 
them bejond a certain size, because, m a nmform section, which does 
not accommodate itself to tlic \arjang stresses, much mateiial is 
throw u aw ay 

Largo beams or girders arc therefore built up of smaller pieces 
suitably connected together, thus forming eitlier plate girders or 
open-worL girders lu wrought iron, or tiusses in timber Islorc- 
over, roof trusses arc composed of a number of pieces oi members 
jointed togctlicr (see Parts I -IT) Tlio aanous members of sucli 
structures will bo subject to tension or compression or shear 
according to the position of the member m the girdei or roof 
truss Ihe first step, aftci designing such a structure, is to 
ascertain the amount and nature of tlie sticss each member has 
to beai ; and the next to design each member so as to safelj 
resist the stress in it, as will be explained m the pieseut chapter 
Lastly, the aaiious connections must be of adequate strength to 
transmit the stress from one member to another This forms the 
subject of “joints" and will be considered in the next chapter 
It will, however, be best to leave for the present the question 
of finding the stresses in the vanous members , we will therefore 
deal first with the design of separate members, assuming the stress 
upon each as known 

Tension Bars. 

Symviet-neal Stress — ^Let AB, Fig 1 5 1 , represent a tension 
bar stretched by the forces Ej. Tlie dotted line shows tlie line 
of action of these forces, and wc will suppose that it is exactly 
m the centre of the bar By cutting the bar across at C, as 
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sliown in Fig. 152 , tlie tension forces excited in the fibres of the 
bar are^ so to speak, brought to view; and since the line of 


Fig. 151 . 
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Fig. 152. 


action of the force is central, these forces are equal, or, in other 
words, the stress is uniformly distrihiitccl over the cross section of 
the bar. Clearly therefore : Safe resistance to tension of the har 
= safe resistance to tension of the material 'per unit of area x area 
of cross section. 

Thus a wrought iron bar 2'5" X 1" could resist safely 5 tons 
per square inch or 5 x 2-5 = 12‘5 tons. 

Or, again, a round iron bar 1" diameter could resist safely 

5 X 0‘78=:3’9 tons. 

Effective Area . — Let us now inquire into the effect of maldng 
holes in the bar, such as would be made for rivets. 

In the first place let there be one hole at the centre line of 
the bar, as at D, Fig. 153 . The cross section at D is clearly the 


Fig. 153. 
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Fig. 154. 

weakest in the bar, and it is there wliere rupture would take 
place. The stress at the section is shown in Fig. 1 54 , and it will 
be noticed that, as before, the stress is uniformly distributed, but 
that the area over which it acts is reduced. This reduced area 
is called the effective area of the tension bar and ; Safe resistance 
to tension of har z= safe resistance to tension of the material X effective 
area. Or in symbols 

E, = r,XxV . . . (58). 

The same formula would clearly, be applicable if two holes 





Ultimate Stress -lbs fer sq.incli. 
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of elasticity wliich may exist in different parts of tlie column ; for instance, 
a variation of 2 per cent in tlie modulus of elasticity in a solid cylindrical 
column will reduce the strength by 26 per cent. 

Struts of rectangular section. — It can be shown, by an investigation too 
difficult for these Notes, that the average ultimate stress per square inch for an 
ideal column of rectangular section, in which there is no variation of the 
modulus of elasticity, is given by the formula 




P 


(69), 


where d is the shortest side of the rectangular cross section and I the length of 



Fig. 166. 

the column. This formula is given in Der Constructeur, by Kouleaux; it is based 
on Euler’s theory, and is plotted graphically in Fig. i66 in the curve BHC, on 
the assumption that the material is wrought iron, that is, taking E = 1 200 tons. 

In this figure the abscissas measured along OP are the ratios ^ and 

the ordinates are the corresponding breaking weights in lbs. per square inch. 
AB is drawn at the ultimate resistance to crushing of the material. 

Now Prof. Eidler shows in the paper above alluded to, that under the most 
unfavourable conditions which are all likely to occur in practice, the column 
may he weakened to the extent shown by the curve ATO. This curve therefore 
gives the minimum strength of wrought iron columns of rectangular cross- 

section for varying ratios of VTi • The actual strength of any particular 

column may therefore lie anywhere betAveen these tAvo curves, and Prof. Eidler 
comes to this conclusion: “that the strength of columns cannot be defined by any 


^ This ratio is length divided by radius of gjnation (see top of next page). If x be the 

radius of gyration of a cross section then ,, 2 ^P°inent of i nertia of the cross section 

area of the cross section 

=for rectangular sections (see Appendix XIV.) 

V2. bd 12 ^ V12 
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the cross section, as indicated in Fig. 167 , A th‘^ section, and 

the safe resistance to compression of the inaf®’^’^^ 

The value of the constant a depends not 
on the form of the compression bar. The fP^o^ving Table (G) gives some 

of these values. , , , . , . , . 

To compare this formula with Fidler’s matei;i^al is 

wrought iron, the curves shown in Fig. 175 

seen that the agreement is fairly good, but tha^ S^^'^s lower 

results for short columns and higher results fo^’ longer columns. 

TABLE G. 


Staterial. 

Form of Cross-section. 

Timber 

Rectangular 1 
Circular / 

Wrought iron 

3 3 

3 3 

Rectangular 'j 

Circular (solid) |- 
Circular (hoUow) J 

3 3 

33 

Cast iron 

LT+D 

ICIi-i 

Circular (solid) 

33 

Circular (hollow) 

33 

Rectangular 

33 

Cross-shaped 


.allies of o when 


Both eml" 
are ^ 
rounded ( 
liinced. 


250 

4 

2500 


One end is 
Both ends I rounded, 
aie fixed, the otlier 
I fixed. 


1 

250 

1 

2500 


_ 1 _ 

900 

400 

_1 

SOO 

3 

IGOO 

3_ 

800 


I <rvO 


I 


100 

1 

1000 


1 

3G0 

_ 1 _ 

160 

1 

320 

J 

640 

3 

320 


13 cwts. 


!- 4 tons. 


y 8 tons. 


J 


N.B.—In ming this Table it must be remeF<^^'‘^^ calculated with a 

factor of safety of 4 . hi viany structures, such i'^'^nber, a 

factor of safety of 6 to S or 10 is 7 iecessary for cate must be talen in 

such cases to modify the value of r^ accordinyly. 

EormultD for "Wooden Struts. — The fornp*^® "'ooden struts are 

more at variance than those for iron, and it w^^^ uselul to compare some of 
them. For instance : — 

Professor Rouleaux gives this formula in i'Onstructeur ^ 

R,. = factor 0 / 

in which I is the moment of inertia, E the elasticity which reduces 

to the following, taking E= 1,300,000 lbs.- hictor of salety between 4 

and 5, beP 

R^.= 20OO-, cwl 




* The letters have been changed to agree witi* notation in thi.s hook. See 
also Ivjuation 59. 

- Tliis modulu.s must be converted into cwts. reducing the formula, hecaube 

the bufe load i.s to be e.xpresbod in cwts. 
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d=>4 iiiclic", 

/ s 0 5 inch, 
r, = 8 ton**. 

4 4 

= (4-3), 

= 55 square inches 
Or ii«ing a table of nrcis of circles 

A«''VTe'v of circle 4’’ ilnmeler -area of circle '1' ilninctcr, 

= 1257-707 = '>5 

GordoRt Jonnula — lienee, u«ing Gonlona fommli, since 
n s: (for endsl, 

' "I—rr = 20 7 tons 

1 +3«5 ( 4 ) 

Ftdltr'i Fomuh — \gam, rcfimng to Table V, p *132, we find the 
1 nine of n for a cirtul ir holloa column to Ite 3 1 Tlie ratio of f to rf is —4—, 

therefore —**31 xi42 = 03 (see |» 333) From Table V we find the 
rnfc tire's HI Ions i«:r Miwarc inch \\hcn ■i.=05(ihc ncnrc't to 93) the tafe 

etre's is 3CC tons |)cr square inch 
IIcncL 

<if(. I nl»^ >x3rC, 

* 20 tons. 

This IS intlier more strength than requireil, but looking to the iinccilam 
nature of cost iron, and the po«sibilit) of flins, this section is not too large 
Since the actual load is 16 6, and according to Gordons formula the safe 
load IS 20 7 tons null a ma.aimum intcnsilj <f stress of 3 7C tons jer square 
inch, the actual luaximttm intensity of stress will be 
IGG 

X 3 < G «= 3 0 tons 1 er square inch 
Cost Iron Column 

Example 10 — Find the safe load that can Ic placed on a cast non 
column of V— 1 section of the following dimensions Length 15 feet, width of 
flanges 6 , width acro'S the flanges 8 , fhicknc«3 of metal (flanges and 
areb) 1 

It will 1)C fouii I that tlic area of the web is half the area of the flanges 
together Hence, referring to Table V and p 333, the proper value to take 
for n 13 4 2, so that 

natio X 4 2 - 12 c 

K G 

If, therefore, the ends are supposed to be rounded, the safe stress per square 
inch 13 0 8G ton, and the safe load 

= (2 X 0 + 6 X 1) X 0 8G = 15 6 tons 

But if the ends are supposed to be Joed, the safe “tress would be 2 19 tons 
per square inch, Table V, and the safe load 39 4 tons In practice it 
would not, however, be safe to rely on the ends being fixed unle's special 
precautions are taken 
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Wrought Iron Strut. 

Example 19.— Design a \\Totiglit iron strut of tlie form sliomi m Fig 
177 to bear a stress of 1 G9 ton, the length being 2 ' II” 

In struts of this form it can alnajs be arranged to mahe the tendoncj of 
the stmt, to bend as a -whole le*^ than the tendency of the sides to bend 
between the disitancd piece, ^ or in other -words 6«ch stmt wnll tend to fail 
os indicated in Fig 1 78, Tlie strength of such stmts mil therefore to a large 


,(o 

9 

?) 










l-ig. 177 


extent depend on the number of <h>tincc pieces u«c<l 2 Clearly the portions 
of each side bar between two distuite pieces (such as ab, Fig 178) can be 
looked upon as a long compression Inr hinged at the ends 

A simple Y ay of dc-iigning such ttxwts. is to a^-ume some convenvent cross 
section for the iht bar iron forming the sides calculate how far 

apart the distance pieces can snfclj bt placed 



Fig 178 

In this example the stress js smalt, and therefore very small side bars 
w ill probably suffice 

For instance, assume 1^” x ns the cross section of each side bar Then, 
as each has to bear half the stress or 0 85 ton, the intensity of stress -will bc 
0 85 

= T3 — j = 13 ton per square inch 

On referring to Table V. it will be seen that this intensity of stress 
corresponds to a ratio of 135 Hence, smeo nT=3 5 for a rectangular cio«3 
section, maximum safe distance between distance pieces 
„ 135 

-:x^=l45" 

One distance piece is therefore hardly sufficient, and it would be better 
to use two, as shown m Fig 179 


^ Tiie student js recommended to test tins statement m the present case by 
taking the value of n=3 0 from Table V. 

" ^V^thln tbe limits ot the strengfli of the strut as a whole, which it will be safer 
to consider as hinged at the ends in either plane of flexure 
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« ill l>t. jbiJH ! lint ilfo ‘cdK ri of ll»e pnnc»|«l u g»cn 3J* x 3 x TJje 
nx’fn nfcnvil to in tlic nlmc 'lablc arc of the fiinc kind nntl plnjie os tlio 
tnc in Tillich the ^trpo'es nre found m Kxflniple 12, and tlic rise (J s^nn) 
nnd cnnibcr of tie rod nro the Mine it^ n**uine«l in the cxnmidc On the 
other Innd, hol\e^cr, f^titetl iii MoleM%orlli’* i’ofArt-/>W, in the Ttihle 
the tnj<«ci nre to !>c 6 feci 8 indict njnrt, whereas m the examido 

thc> were taken ns l-cin^ 8 hot apart , am! nUlion^li not stated, it is prohahle 
th it till coaeniif; on the rtnifs m the Table is cornigattd iron or iiiic, whereas 
m the cxnmjdc the roof-coserin" is cflnnte«« dates on Itoanhiig 
It will l<c i!ilcri<ting to imcMipate tins a little more cla«elj 
Now, on rcfimng to Kxamplc -12, Table H, it will be seen that the stress 
in the j>nnci;ttl (AD) due to roof coxenug, etc^ an 1 snow » 4 43 ton**, nnd 
on rLfimiig to p 203 it will be further seen lint tins stre«s is due to a Imd 
of 20 2 lb% per square fool of roof surface If the roof-co\ering is altered 
to rornigatcfl iron the laid mil be mimed bj alxnit 8 Iba per square foot 
(see Table XIII), or sa) to 122U*s i^er Hpiarc foot The slrc's of 4 45 
tons will therefore l>e reducol to 


!22 

t r, x-^ = 2 C8 ton*, 

and acconlingly the total stress in the principal will l>e rcdncetl from 7 83 
tons to 


7 4*, + 208*000 tons 

and dimimshing the distance apart of tlic liaises from 8 feet to 0 fict 8 
inches will furtlicr rc<luce the stress to 

<!-OISx®^- 5 05 tom 
60 

Vc base now to find what #tn,«s a X ‘wn pniicijnl 10 8 feet long and 
3! X 3 X 3 cro*s section can bear 
As Ixlorc, 


Hatioc 
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Safe strc«s per square incli« I 01 ton 

Total saft stress = 1 0 1 x (3 + 3)! , 

= 3 Iona 

From the above it apjicars tlint it ssould be wiser to n«c the stronger 
section obtained b} the calculations on p 120, at nnj rate for important roofs 
nnd in exposed situation*, where full allowance fur wind pressure ought to 
be made 

CempartiOH irith JIurit'i Talte — In Hurst’s Poe) d Boot. 4^'’x3yx^'' 
are gi\ en a-s the dimensions for the principals for a trussed rader roof 40 feet 
span, ri'e \ span, and camber of tic rml span, covenng countess slates on 
boards Di«tanco apart of trusses, C feet 

Now in this case the length of the principal rafUr from A to D (Fig 360) 
13 11 7 feet, so that 

117x12 

I!atio= — g-Q x49=!lOG 

Safe stress per square incb= 1 12 

Total safe stress = (45 + 3)5- x 1 1 2, 

= 48 tons near!} , 

which would he almost enough fur a corrugated iron coaering 
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JOINTS AND CONNECTIONS. 

A GBEAT variety of joints for connecting the various members 
of wooden and iron structures have been described in Parts I. 
and II. It is proposed to show in this Part how to determine the 
dimensions of tlie various portions of a joint when the stress to be 
borne is known. 

Eiveted joints are principally used for built-up ^Yl’ought iron 
beams and roofs, but occasionally pin joints are employed. In 
roofs, screw connections, cotter joints, and pin connections are 
used, and these will also be described in this chapter. 

Points to be observed in making Joints. 

These are as follows ; — 

1. The members of tlie structure connected together should be 
weakened as little as jmssible. They are liable to bo weakened, 
as will be seen in the sequel, cither by cutting away material (for 
instance, a minus screw thread), or by the design of the joint being 
such as not to transmit the stress uniformly over the cross section. 

2. Each part of the joint should bo ])roportioned to the stress 
it has to bear. 

.‘h Abutting surfaces in compression should be placed as 
neaily as possible perpendicular to the stress. 

PIYETED JOINTS. 

The manner in which these joints arc made and the technical 
names given to them were dealt with in Part I., and it there- 
fore only remains to .riiow how the strength of such joints can 
h‘i calculated. 

We will fir.'t coir-ider riveted joints in tension. 

HivotccI Joints in Ton.sion. 

Lap Joint. — St ating with a single la]* joint with oidy one 
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rivet, n-H kIuuvji in I'ig. l 8 o, it is cK-ar that this joint is liable 
to fail — 

1 . Ily one nr l>ot!i bars 
learinj: acm\s. Fi;;. iSl. 

2 . lU* the rivet cntlhig 
into the metal of ilu* bar, or by 
the bar cnltiu” tlic rivet, 
af'onltnf; to \vliirb metal is tin; 

Fi;:. I Sr. 

0. ity tlie rivet lv‘jn« 

^lll^trv■•tl. I S 3 (hin”b* flicar 
in this ca‘o). 

•I. Ity the rivi't ^tli^Mrin}* 
a jtiece mil of tin* bar, 
lS.t. 

I/t / U; the lhi<*kiK-'-s, 
the breadth of the bar, and if 
llic diameter of llio clenched 
rivet nnd of the rivet-hole,’ nb** 

11; Iht! tension in the bar, r, tie* 
working' resistance ikt 
wjuare inch in tcn«ion « 

5 ton^ 

1. To ptjanl n^ahi't 

the fir^l manner of failing 
]l, = {h~.i}fr, . (C3). 

2 . The resistniirc to 
Waring T^ im Uxmi found 
by exjx'rinicnt to vary ns 
tlic thickness and ns the tliameler of the rivet, tlmt is, ns (d-, so 
that if is the safe resistance to bcarin" j>er siinarc inch 

r^ = tdr, . . (G4>. 

The value of rj of conrsQ depends on the quality of the iron 
employed, 1 ml it is usually safe to hake it as 8 tons per square inch. 

2 . The resistance of the rivet (o slicnritig T, varies ns the area 
of the cross section of the rivet, namely* 0 ' 78 ff', therefore 

T,= 0 - 78 rf=xr, . . . ( 66 ). 

r, can ho taken at 4 tons per square inck 

4 . To guard ngainst the fourth iimnner of failing, the lap 
should he sufllctcnt to prevent tlie piece of the bar shearing out, 

< ato p. 136. 
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Two surfaces have to be sheared, each having an area of z! x - 

2 

(where I is the lap) and the resistance to shearing is therefore 

T',= 2 i'x^xi',, 

= (lr, .... (66). 

The joint should be so arranged that T,,, T^, and T/ are each 
greater than T, so that the metal of the tension bar may be sub- 
jected to the full, safe, tensile stress it is capable of resisting ; that 
is, the joint itself must not be less strong but a little stronger 
than the tension bar to be connected. 

Example 21. — As an example assume 

1 = l-4", t = r, d=f. 

Then 

= (1-4 - 0-7 5)1- X 5 = 1 -62 ton. 

Tft = ^ X f X 8 = 3‘0 tons. 

T« = 0-78x (1)2x 4 = 1-76 ton. 

By putting T/= 1-62 ton we get the least value of /, namely 

, 1-62 _ 1-62 

= 0*81 inch. 

Practically, however, a lap of only 0-81 inch is quite insufficient, because 
the rivet holes would he much too close to the end of the har, from a manufac- 
turing point of view. In the present case the lap should be 

2 X X f? = 2|- inches 

(see p. 136). 

Single riveted la;p joint. — The equations already deduced can be easily 
applied to the case of the ioint shown in Fig. 185, thus 

E, = (6-3d)t7-<, 

Tj, = t(.3d)ri„ 

Ts = 3(0-78d2)7-g. 



Fig. 185. Fig. 186. 


Doiible riveted lap joint . — ^And similarly for the joint shown in Fig. 186. 

'Rt-={b-3(I)trt, 

Tft = <(6d)7-6, 

Ts= 6(0-7 8d2)7-,. 

Butt joint -witli single cover plate. — The joint shown in Fig. 
187, with a single cover plate, can be looked upon as two joints 
like that shown in Fig. 185 put close together, and the equations 
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for lint joint Mill llicrcforu be njipliciblt CIcmI} tho co^cr phto 
shonltl In^o tlic siiiic thickness ns llio plates to bo 

jonictl ^ 

Iho double nxelod single 
cover joint shown in 1 ig 18S 
can be cdculnted from the 
njtintions for (he foint shown 
111 1 1^' 1 86 

In the above it Ins been 
n^suined, in Imdin^ tin. resist- 
ance to tearing of tbc bars, ^ 

tint tbc tensile strc‘‘s was 

nnifornilv dislribnkd over tbc cro<is stction A glance at ligs 
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189 and 

^^..1 O'O ' 

190 'wiU, however, show tint this assumption 
oa — =£50 rx> — 


hi, 




warranted, and that the strength of the bar is less than cal 
ciliated, the tendencj of t!>o stress being to draw the bars into 
the i>ositiou ebown lliis is one of tbc cases mentioned at p 
108 , in winch the stress is not imnsimttcd down the centre of 
the bar, ami an allowance should be made, but tbc values of lb 
and 1, are not aflected 

Bvitt joint \7ltl1 doublo cover plate — ^Tliis reduction lu the 
strength of a tie bar can be avoideel bj using two cover plates as 
sbovvninlig 191 , winch arrangement clearlj allow s of the stress 
being iiniforinl) distributed As legards the thickness of the cov ei 
plates, each slioulii have at least half" the thickness of tlie plates 

' Prof Unwm sajs that a Ainglo cover plate sliould bo IJ the tlncbness of tlie 
jlates joinel at lca.st in boiler work — Haehine Design 
® Prof Unwiii sajs g, at least in boiler work 
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to 1)6 joined ; the resistances of the covers to tearing and to hear- 
ing will then he at least 
equal to those of the 
plates. It is to he ob- 
served that the shearing 
resistance of the rivets is 
doubled by the use of two 
cover plates, because each 
rivet has to shear along 
two sections instead of only 
along one,, as shown in Tig. 


0 

0 

0 

0 

0 

0 




— 0^-, 


■ " 1 1 1 1 1 ■ — 1 


' — — 




Fig. 191. 


192. 


These rivets are said to be in “ double shear.” ^ 
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Fig. 193. 


Fig. 192. 

Joint, Fig. i g i. — Tlie equations to find the strength of this joint are therefore 

Rt = (6 - M)lrt, 

Tfi = t(3d)ri, 

Ts = 6(0-78d2)jv 

Comparing the joint shown in Fig. 193 with that shown in 

Fig. 1 94 it will be seen that, 
other things being equal, the 
first weakens the plates more 
than the second does, but 
that they have the same 
bearing resistance and the 
same resistance to shearing. 

The joint shown in Fig. 
195 has the same bearing 
and shearing resistance as 
the two above, but weakens 
the plates by only one rivet 
hole. 

Considering a section 
AA, the plate is weakened 
by two rivet holes he, but be- 
fore it can tear across this 
section, the first or leading 
rivet a must fail by shearing 
or bearing, which practically makes up the difference : so that this 

^ Some experiments show that the resistance to shearing on two sections is about 
J less than double the resistance on one section. 



Fig. 194. 
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Fig. 195. 
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pcciioii H n% strong ns tlic one tlirou^h the Icidnig n\ ct Sinularl) , 
liio $cctton tlirou^h the thrtc met** iff/ is stronger thin tlie two 
fir-t, there hcnig thixe n\Lls alf to fill ns nbo\i, to set ngiuist the 
wenhemng duo to two met holt" It fihouh!, how(\cr noticed 
tint the cover jditcs fliouM Ikj mide tliickir thin hilf llietlnrk 
ne'»'» of the jdilt^ since t/icir fcclion is reduced bv IhrcL rivet holes. 
Jetnf, li} 195— llic f r tlili joint nre Ihcrefyrx. 

1,«2xf 07 P<rr^ 

an I l!i<? lliickti'-M t of rich of ihe enter j litr4 rwi I’c f jun I from 


Jciinf, J-i>T 196 —Tilt 0 r.]uat»iiO« i!«> ap| U to the joml »}i iwii in I ig 



n? 


196 era| t as n*pnls ihe rover jhiw Tlie Mpj«*r j hie, m wlmh there is 
iio j tnt, acta inn}h as a ih‘t.inre | lece, onJ d k's not «fT»ct thu to 

»l I inn,., or to Uvni g, of the met* Hut the 1 mer cover j htc now Inns 
mils more iln s thin th** njinr < iie, as shown 1 1 tin arrow* nml ihouhl 
iherrfon. be male thicker in tin |r*H.nt 01*0 itrj laith m the ]r«i>ortion 

j-«y,K)thal Jt nut in. the irci^r ihicknt'soi to give to the lop onl 

UUom cover jlitis rrsjxclivclv Tin n. i«, however, a chngcr whin cnrrv 
ing rut the vtork, of tnnspo^jjig the cover phtc?, eo tint m j nclice lx>th an. 
nnde of oijiial thickness, and tisuiil} of the rami. tliickncM as the | htes to 
be jomtex!, *0 a* to Im» on the ri Ic r f rvfitv 

General Formulco for riveted Jointa other than grouped Joints 
Uic student ought to have no difficulty in deducing from tlie 
foregoing the following geiicnl fonnulc for riveted joints (other 
than grouped joints) 

Let he tlie tensile stress to bo bonie by the tension bar 
(denoted by' I«, in the previous’ equations) 

a the number of rivets required for resislanco to hcarn^ff 
the number of rivets required for resistance to shearing 
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s the number of sections at which each rivet tends to shear 
{i.c. s = 1 for lap and single cover joints, and s = 2 for double 
cover joints). 

k the number of rivets in the first or outermost row, that is, 
the number of rivet holes by wliich the tension bar is weakened. 
h the breadth of the bar. 

t the thiclmess of the bar and also of the cover plates. 
cl the diameter of rivet holes. 


Then 


'R^ — rt.{h~lcd)t . 
TitcV 

~ n' d 

' X s X 0‘78f/-’ 
-!i t 

Tg ' 0‘18sd~ 


( 67 ) . 

( 68 ) . 

( 69 ). 


Whichever is greater, a or must be adopted as the number 
of rivets in the joint. 

The calculations connected with the above are much shortened 
by the use of Table VIII. 


Double-cover Riveted Joint, 

Example 22. — Design a double-cover riveted joint similar to Fig. 195, 
tlie plates to be joined being 9" broad and thick. 

We have 

s = 2, 

7 ;= 1 , 

6 = 9, 
t=‘'” 

and from the practical rules for Kiveted Joints, p. 13G, 

(7 = J'l 

iti- 

9 _ 1 X J •? 

Hence from (GB) = j-— ? 

iB' 

= G nearl v. 

> •» (0-7Sx2x(.[-^)-’ 

= 4 nearly. 

Each .cide of the joint must therefore contain six rivets. On reference 
to p. 13G, it vill be .<;een that the minimum pitch ought to be 2h" ; thus only 
three rivets can be placed in one row across the width of the bar. Hence 
tb>; reiptiivd joint will be a*: .«bown in Fig. 197, 

With the aid of Table VIII. the re.^ult can be obtained more cpiickly as 
follow.' ; — 

Tite re.-!i.^tance to bearing of one 1,^" rivet in i;" plates is 4 ’7 tons, and 
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IIjc rc^i't'ince to dotible slicir h 2 x 2 7C ■» 5 52 TIic number required 
for bcinng must therefore be ndoj)tc«I llit« number n 

ik 

”47“ -17 ’ 

-t 0, Jieirlj* M before 



lig lt»7 


PormulxD for Grouped Joints. 

■\Vc lia\e next to consider “grouped'’ joints (see p 93, 
Tart I) 

1.QCATION3 ron Joints kitu TUiirr Pi \ti s For Sheannj — Taking a 



Tts 11*0 

nmplc ca«e of tbrec jlntcs joined togtlber os »1ionn in Tig 198, vre lec tliat 
tlic joint can fail bi tlic slieartng of oil the riMts, ns indicated m Fig 199 
Let iij l>c the iiiinibcr of riicts m each end group (» e between A and B 
and 1) ninl L) , jij 1« tin. iiuntler of rmls Wtwcvn the joints (» t between 
B nul 0 and C and D ) , t the thickia<^s of the jlatcs, and ( the thickness 
of th** coiers. 

Then It is clear tint the mmibcr of inels Fhcareil through, if the jomt 
were to fail as abo^t, is 

2»j + 2«. 

and thertfon, 

R, = (2n, + 2nj)078dV, (70) 

lorbeann ^ — The joint ini„ht also ful l\ the mots cutting into the 
plates, 13 shown m iig 200 From A to H the resistance to btarmg is 
nj X 3( 

and from B to C it is 

n, X 2fdr(, 

and from C to D 

njxtifrg 

So that altogether 

B, = (3», + 3nj)*i^ (71) 

BC — It K 
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Prom Equations 70 and 71 the total number of rivets required can be 
obtained. Two values will be found for 2 + n^), one being the number of 
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Fig. 200. 

rivets required for shearing, and the other the number required for bearing ; 
the larger value is to be taken. 

So far we have only found the sum of 2aj + 2n„, and to obtain ?i.j and 
separatelj' we must consider two other ways in which the joint may fail. 




0 - 0 - 


r- ' -i 

! ~ !'! !' 

r •!“! 1 - 

— 1 ! ~! ■ — 

/ 

ruz i ; ' i ill III i i 1 ; ^ 

; 

- ,4-r 

1 iJ— . 1- 

i 

r 


xy-xy 


xy-xjrxyrxy 


Fig. 201. 

Failing as in Fig. 201 . — In the first place it may fail as shown in Fig. 
201 , by the rivets between B and D shearing and the cover plates tearing 
across at B and D'. 

The resistance to tearing of the cover plates is, if Ug is the number of 
rivets to be deducted, 

2 X (6 - n^di)tprt. 

depends on the width of the plates and on the pitch 
of the rivets ; for instance, with 10" plates and 3" pitch, 
Ug would be 3, as shown in Fig. 202 . 

The resistance to shearing of the rivets between B 
and D' is 

2n^ X OvSdVj, 

so that 

R,. = 2{b - n^d)tprt + 2n^ x 0'7 8(Z“?> , (72). 

It must now be determined what value should be 
given to t^. On referring to p. 127 it will be seen that 
when two plates have to be joined, the cover plate 
nearest the joint should be made -|t thick, and by the same reasoning it will 
appear that for three plates 

h ~ f 

We can therefore find the value of n., from equation 72, and hence the 
value of 71^. 

Practically, as already mentioned, it is usual to make = t, but this will 
not affect the above calculations. 

Gutting into covers and, plates . — The joint can also fail by the rivets cutting 
into the covers between A and B, and into the plates between B and D. 

The resistance to bearing of the covers between A and B is 

2'>if^dri„ 


The value of 7!g 
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and the resistance of the plates to bearing between B and D is 
(sec p 1 29) 

So that, assuming as before #3 = ^ 

ll,=(2ni + 3n2)t(f;» (73) 

It 18 only neces'*arj to *500 that the ^ nines already obtained for tIj and «j 
are suflicient to gi\e the bearing reoi^tance required by this equation 

On the as hole, therefore, the strength of a grouped joint ssitli three 
plates can be calculated from the four equations 70, 71, 72, and 73 

Similar equations would be obtained ashateier the number of plates to be 
joined, and the follomng are the general e<|Uattons vshich the student should 
check b> uorking out seieral cases 

Gentral Equations — Let N be the number of plates on each side of the 
joint which arc to he connected, then 
for 'hearing ('ee 70) 

E,= {2ii, + (N-l)n2}078(;-r, (74), 

for bearing (sec 71) 

R,-y I 2»,+(N-I)n,|(i(rs (75), 

for tearing of coaers and shearing (sec 72) 

R, = 2(6 - + (N - 1)«2 X 0 7 Sir r, (76), 

for bearing on plates and covers (sec 73) 

n,.| 2 n, + |(N-l)n,Jrf(rj (77) 

Tlie total number of rivets is endently 

2/1, +(N'- liny (77rt) 

These equations can be solved verj* simply by the use of 
Table VIII , as anil appear from the following example 


DouUe-toier GroupeA Joint 

Example 23 — Design a double cover groupeil joint to connect four plate®, 
each the end group of rivets being so arranged os to oiilj weaken 

the plates bj one nv et hole 

PTchToxnanes — Let /i= 1-^ uicU, vvhicU la tlve usual size of n\et for ^ 
plate®, and let r( — 5 tons, rj, = 8 tons, aud r, = 4 tons 

Then 

R, = 4(9-l^)|x5, 

— 1 1 8 tons 

>iOW from Table VIII 

0 76^rg = 3 98 tons, 
diri, = e76 „ 

N 

^trt=13 50 „ 

Clearly, therefore, a greater nnmher of rivets are required for shearing 
than for beanng 


Hence, from Equation 74 


( 78 ) 
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We must now apply Ecpiation 76. Following the same reasoning as at 
p. 127 it will be seen that for four plates 

Hence assuming — 3 we have (7 6) 

1 18 = 2 (9 - 3 X iJr) f X I X 5 + 3)12 X 4, 

whence 


118-34 


«2 = 


12 


— t . 


The arrangement shown in Fig. 203 onlj^ gives — 6, but is near enough, 
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considering that the safe resistances assumed for bearing and shearing are 
rather low. Moreor^er, in practice would be made equal to t. Substituting 
tills value (6) for in equation 78, 

2nj = 29‘6 - 3 X 6, 

= 11 - 6 . 

7i.j= 5*8. 

Six rivets therefore will do. 

Substituting these values of 7!^ and 7)2 in Equation 77 we find 
Il^ = (2 X 6 + 1 X 3 X 6)6-74, 

= 323-5 tons, 

so that there is no fear of the joint failing in the fourth manner, 

Tlie joint is shown in Fig. 203, 


Double-cover GrouiKiJ Joint for Plate Girder. 

Example 24. — Design the right-hand joint for the lower boom of the 
plate girder shown in Fig. 259 and Plate A. 

On referring to E.vample 36 it will be seen that the plates to be joined 
are two in number, and that they are 9" wide and thick ; and further 
that rivets are used. 

Owing to the angle irons connecting the booms to the web, only two rows 
of rivets can be used, so that 7!„ = 2. 

Take 

Ti = 5 tons per square inch, 

From Table VIII, it appears that for rivets 

resistance to shearing = 1*77 ton, 
resistance to bearing in plate = 2 '2 tons. 


to lint 


j!/r/:T£P jo/ivrs 


«33 


Hcnc« a lc« juimWr nf are f**r I'cmng than for flicaring. 

Now unco two n\ct.* In'c to W dwliiclM 
Il,«2 x(D- 2x f>3 X 5, 

B 2<) 2 ton* 

Hftifc total iinrulTr of n-qmit^l for *lioaniig 


Aj'i'lritig Kqintinn TC we fjm1| ft JnmWring tint for two 
£8 2 - 2(0 - 2 X 3)5 X J y 5 + «5 X 1 77, 

£8‘2-lH7a 

— *-6*3 jifirly. 

And I'inc'' 2, tlirw rowi of will l< rtqmrvd in tlic length of half 
the joint. 

l.n»llv, *lncc from (77^) 

2i», + n.r, Irt, 

Mj •• 'i'35, 

»o that thrw* row* mnU lie tiM^l. 

In I'n'iicr, Iionncr, /j wohM 1*<* mvle cqiu! to t, ami the aUiic ealcula- 
IKtJf wotihl l>c invlifidl os follow*— 


28-2»2v0 - 2x 3/3 X& + II.X 1-77, 
28 2 - 28'S 


Tin* npiicar* to l-e an nWunl m»«It, hui *incc there arc only two phtes 
to he jometl, ami the cotcr j'htci are made of equal thickne»a to the plate*, 


' 9 (Tj Q © o I o 


■6”"oy o' o'" o'] Q 




it follow* that the coi ers arc nhlc to tran*mit the etre*3 without the help of 
any riicts l>etwccn the joints In practice, liowcter, this would he a had 
construction, and a couple of roua of riteta irould probably bo used, as ehomi 
in Fig*. 204 and 205. 

On referring to Example 30 it will he Men that one of the covers can be 
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formed by extending one of tlie plates of tbe booms ; tbe other cover can 
be added in the usual way, and the angle irons can be cranked over it as 
shown in Fig. 259 (an objectionable arrangement), or the upper cover can be 
formed by angle wrappers as shown in Fig. 206. 


Ys 'web 



Fig, 206. 


Oblique riveted joints. — So far tve have 
only considered riveted joints connecting plates 
placed in prolongation one of another, but 
clearly the same rules are applicable when one 
plate, or set of plates, is placed at an angle to 
the others as shown in Eig. 207. 



Example 25. — Thus, taking the dimensions given in Fig. 207 and 
deducting two rivets, we have, assuming ri = 5 tons — ri, = 8 tons — and 7'g = 4 
tons, = 

= 11'25 tons. 

If a is the number of rivets for bearing — 

a X X I X 8 = 11-25, 
a = 4 nearly. 

And if 13 is the number of rivets for shearing — 

/3x0-78(|)2x 4 = 11-25, 

(3 = 6-3 nearly. 

So that the joint is weaker in shearing than in bearing. 

Using Table Till, we find resistance to bearing of one rivet 

= 3-0 tons. 

Resistance to shearing of one rivet 

= 1-77 ton. 

Therefore number of rivets required 


as before, and six rivets will do. 

It might.be objected that, in calculating R^, only one rivet should be 
deducted to obtain the effective cross section of the tension bar, but it will 
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l>e oVencd tb-it the lending nvet is much nearer to one edge of the har than 
to the other, and therefore weakens the bar b} more than one met hole, as 
explained at p 12 G Profc-v'ior his treated this subject at some length 

m a paper published in Vol XXIX* il/tnufes Procccdxngs 0/ the Institution 
of Cnil Lngtnem, and shows tint a einnlar faultj arrangement of mets, 
though of frequent occurrence m jiracticc, will increase the intensity of stress 
on one side of the barbj as much as 26 per cent Professor Reilh not oulj 
recommends that the leading met should be placed on the centre line of the 
bar, but also that all the mets be placed s}*iniiictricall} about the central line, or 
at am rate that the centre of gniitj of the mets he on the central line, which 
he calls the mean fibre Thus arranged, the joint w c ha\ e just calculated 
would be as shown m Pig 209 Onh one met need now bo deducted, 
so that 

n, = (6-^}]x5, 

= 1 0 I tons, 



Fig 200. Fig 210 


Tlie nrets are rather numerous, and it would be better therefore to use 
laiger ones. Be-calculating with I" meU we find 
R, = (6-J)ix6, 

= 12 8 tons 

And fpstu IhJjfe VJII 

Resistance to bearing =3 50 tons 
Resistance to 8bearing= 2 4 „ 

Therefore 



Fire or six nvets ought therefore to be used, and with six rivets the 
arrangement of the joint would be as shown in Fig 210 

Riveted Joints in Compression 

At one time it was considered that the compression stress 
was transmitted across the joint by tlie plates abutting against 
each other, and such w ould be the case if the joints were perfectly 
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fitted ; the rivets would then transmit no stress, and their only- 
function would he to hold the j)lates together. Such fitting 
cannot, however, he ensured in practice, and it is therefore 
assumed that the whole stress is transmitted hy the rivets, and 
the calculations are in no wise different from those required for 
tension joints. The following points, however, should he ob- 
served — 

1 . No deduction is to he made for rivet holes, as the metal of 
rivet completely fills up the hole and passes on the stress. 

2 . The longitudinal pitch of the rivets sometimes requires to 
he less tlian in tension joints, or the plates might huckle between 
the rivets as shown in Tig. 21 1. 



Dimensions for Biveted Joints. 

Diameter of rivet holes . — If t is the thickness of the thickest plate to he 
jointed — 

Fairhairn’s rule : d— 2t for plates under -I" thick, 

= l-|t „ thick and over. 

Unwin’s rule : 1’2 ^/T. 

Fitch of rivets. — Minimum pitch of rivets = 2 x d ; minimum distance ^ of 
centi-e of rivet hole from edge of plate = 1|- d. 

The pitch of rivets in girder work usually varies from 3 to 5 inches, 
but it should not exceed 10 to 12 times the thickness of a single plate, as 
otherwise damp may get in between the plates and cause rust, which in time 
swells and bursts them asunder 2; 4" is a common pitch for girder work. 
The pitch is sometimes made greater in the tension than in the compression 
flange. 

Note upon the Difference between the Figured and Actual 
Sizes of Eivets and Eivet Holes. 

In the calculations given above, the rivets and the rivet holes are assumed 
to be of exactlj’- the sizes shown or figured upon the drawings. 

In the actual worlc, however, neither the rivets nor the rivet holes are 
of the sizes shown upon the drawings. 

Iron rivets. — To begin with, the rivet as purchased is generally inch 
smaller diameter than its nominal size — that is, a so-called i inch rivet would 
be lA inch in diameter. 

o J 

When, however, the rivet is heated and clenched it will, if the work be 


^ ftr " i" should be added in the case of thick plates and rivets. " Stoney. 
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properly done, \crj ncirlj * lill tlie lioJe, and tlic liolc tviU be found to be 
coiisidernbl} Hrgcr tlian the nomin'il size of the met, especially in the ca'e 
of punched hole.- 

Punched holes tn iron — When a hole iS punched in a plate the 

dnmetcr of the punch is geiicnlh inch larger than that of the met that 
IS to go into llio liolc, nnd then again the die is larger, in proportion to the 
thickne^ of the plate, than the punch 

This results m the punched h«lta being larger at the lower surface of the 
I'late than at the upper, and the actual diameter of the holes is from 10 to 20 
per cent 1 irgcr tium the nominal diuiicttr of the meK- 

i'treugth of iron rirets in j hmcA«1 holes in iron jUiles — It will be seen, 
therefore, that the mtts filling punched holes will have a con-sidtiablj larger 
fihtiring area than the rivets shown in the drawing* 

If m ets of the figured sizes arc strong enough to w ithstand the calculated 
»tree«, then the actual mets in the work will cvulcntlj be uniKcc«sarilj stioug, 
and their number might, so far as this |>oint alone is concerned, be rt. iuced 
On the other hand, however, it inu«t be bornt m mind that the strc'S 
uixin a meted joint la not dividcil equallj among all the mets, as as mned 
m the calculations but that in con^uence of bad workmansbip, and for other 
reasons ('ve p 135), increased stro's luaj eonie upon some of the rivets while 
others do not take their share 

Fortins rex^on engineeis somcliiucs add 10 to 20 per cent to the calculated 
number of nveta to make up for uneven strci* 

Tims on the one hand, though fewer mets would be required m the work 
than those calculated, because the mots asclcnchinl arc aciuallj of larger 
sectional area, jot on the other hand more mets would be required in order 
to make up for defective workmanship nnd consequent mequahlv of stress. 

htrengtk of actual ntekd joint matj I e practiealhj (alcn the tame as figured 
— The result is that tho«e two causes affecting the number of mets nctuallj 
rLquiad as compared with those calculated may be considered to cancel one 
another,^ and there is no practical error involved in calculating the nvets 
aceonlmg to their figured dimensions Tins is the usual practice, aud it i® 
fcllowed lu tliLsc XotCN 

Punched holes in iron tension joints — With rcgartl to the de luction to be 
made for met holes in tension joints the uuc is somewhat ditferent The 
ehimeiersN hc?}^ .7re, as titenitefned etbe^ie, fiwee 10 2^ iKFceai 

larger than the nominal size of the met, and in addition to this, ni roujilj 
puiichtd work, the edj,es ot the holes arc tomewhat lorn, so that tho etlLCtue 


' "In order to get good nvete I joints the rivet must be pioperly put in and must 
fill the hole when cold, but as a matter of fact this is reallj never the case, lu coii'e 
quence of the rivets contracting laterallj when cooling This is not so much the case 
w ith steel riv ets, as tliej are or should be worked at a dull red heat The mast per 
feet joint would be one in which dniled holes were usetl and the rivets tumel and 
closed qnitc cold — lloberlej, quoted in Stonev on the Theory of Stresses, p C84 
" Stonej 

* There are other minor circumstances affechng both sides, e g rivet iron is gener 
ally better than other iron and might be subjected to a higher sheanng stress The 
friction between the plates assists the nvets , on the other hand, an iron nvet 
sheared on two surfaces has not twice the resistance of one surface, but onlj IJ times 
that resistance 
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area of the plate is reduced by a width greater than that of the nominal 
diameter of the rivet, 

Mr. Stoney says : “ Probably the most accurate method for making an 
allowance for the injurious effect of punching would be to add a certain per- 
centage, say to i of its diameter, to each hole when calculating the effective 
net area of a punched plate. Mr. White (Director of Naval Construction) 
states that they were accustomed to allow 4 tons off the very best iron for 
punching — 4 tons off 22 tons. Civil engineers, however, rarely make anj'' 
similar allowance in riveted girder work, probably through 'inadvertence, or 
because the rivet holes are generally pitched farther apart in girders than in 
ships.” ^ 

It will be seen, therefore, that in the case of the holes as well as that of 
the rivets it is the usual j^ractice to base the calculations upon the figured 
dimensions of the rivets, it being generally considered that the working 
stresses taken in practice are so low as to leave a sufficient margin to cover 
all extra stresses caused by enlarged holes, rough punching, injured plates, 
and Ollier defects in workmanship. 

In some cases, however, engineers allow for the damage done to plates by 
punching, making a rough addition to the diameter deducted to cover this, 
e.g. in the case of a -f- inch rivet they deduct an inch from the effective 
width for the plate. In all important tension joints this question should be 
carefully considered and some allowance of the kind made if considered ■ 
necessary. 

Bimering out . — If the hole is punched about inch less than the required 
diameter, and this margin is afterwards bored out to the required diameter, 
the damaged metal is removed and no harm has been done by the punching. 

Drilled holes . — In the case of drilled holes their diameter is only about 
^ inch larger than the nominal diameter of the rivet. The edges round the 
hole are not damaged, so that there is no practical difference between the 
actual sizes of the holes and those figured for the rivets. 

Steel rivets fill the holes better than iron ones, because they are not so 
hot when clenched and contract less in cooling. 


PIN JOINTS. 

These joints are much used for connecting the various tie- 
bars of roofs to the other members, and examples can be seen on 
reference to Parts I. and 11. Such joints are also occasionally 
used for open gii’der work. 

These joints are formed with links 
somewhat of the shape shown in Fig. 
2 12 . A little consideration will show 
that this link is liable to fail by 
Fig. 212. tearing, as shown in the figure. Tlie 

continuity in the fibres of B is interrupted by the hole for tlie 



^ Stone}- in Theory of Stresses, p. 650. 
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pm 1* , raorcoNcr h is further liible to be split from the inside by 
I* (if it IS too small) bearing upon it, so that tho intensity of 
stress oxer tho cross sections ce is by no means unifonnly distri- 
buted Iloxrexcr, the calculations that xxould bo required on 


Skaler Smtlh 

(kamtnereJ) Ilaward 





(hydraulic far^) 
Fig 217 



tn 

S r Charles fax 
Fig 218 


tlie assumption tliafc the stress is mi uniformly distributed are 
far too difficult for this book, and ■« ould certainly not be earned 
out in practice 'VVe must therefore resort to experiments 
Such experiments were made by Sir C Fox, CE, and more 
recently by Mr David Kirkaldy, C E , and by Mr C Shaler Smith 
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14= 


ma'lc 1" in diameter; tins necessitate.' re-calcnlaling for tlie previous 
I -ye. 

Lv' of FG. — It iviil be found that for tlii.= eye 

(1= =o-<s, 

or '^ay l’~ to allow for a loo-e pin. Wo now have 

diara. of pin d „ 

T7,— fl" - - = 1 -M A = 0-84. 
widtli of bar n 

Tlii' number does not a]>pear in Table IX., but by inter])olafion we find 
i'uat O’T the crrro.'ponding number of column 2. Hence 

frt X 5 


.3-88 

0*7 X .3*88 X 8 


C: 


and 


O X / 


la = 


= 0-G2, 


3-SS 



rian or' I’lo' of FO, 
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thick 


But the ratio 


(Imni 
M idth 


for «“ich linlf of the ilouhlc ojeis 1 — lyssO 73, 


so tint 


Turthcr 


mx 'V 
^ x 7 83 


0G7, 


e es 0 G iitcli 
xTS^l 
5 ’ 


/ •= 0 0 inch, 

or \crj JHirlx the same ilitiun*ionft m tho«c found for the single eye 
Pncticnlh the doulde eic noiild be of the furui shon n in Tig 32i,and the 
single e\c nl*o of the same s!nj>c 

Pod 1C— Then, rt limns to l>e de«igii<Ml the double eae for the small 
tcinion ro«l IC ha\ing a stri«s of 4 1*1 to«<«. In this ca.^. ue liare 


or 


<1 413 incheo 



But ns this thickne«s uould be barclv sufficient to make the arms of the 
jaw of equal slixiigth to the IkkIj of the tie-rod, wc will make a= An 
men of strength in this jvart will be judicious. 

If the dniiietcr of the rod FC be taken ns 1 «s shown m Figs 373 , 374 , 
, , dinm of pin 

anl the width of the arms of the jaw also I , then ~ = I — 1 = 1, 

and the corresponding number m column 2, Table IX., is 0 76 Hence 
4 n 

f(i= x076=031 and c = 0 G2 Tlic total aaultli of the c\e will there 

6x2 '' 

fore be the same as that of the jaw shown m Fig 221 , which will do aery well 
The cross section at the hack of the eje is as before equal to that of the 
tie bar, or = 78 square inch — b thertfore equals 0 78* or saa J* , but as it is 
not de«irahle to make minute alterations m the patterns of these eyes, a\e 
will take 1= 9* and the shape of the eye will then ho similar to that in Fig 
221 The complete jaw is shown in Fig 224 

Fig 220 shows the complete joint It is aiide in the direction of the 
holt, and therefore somewhat climi^ in appearance. It would he improved 
by taking a — ^" instead of | The student is recommended to try this 
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Joints at Apex and Feet of Truss. 


Example 26a. — The connections at the apex and feet of the roof- truss are 
sometimes made by castings. 

These, however, are clumsy and unreliable, and apt to be broken in transit. 

As the principals are usually sent to their jJace of erection in parts (so 
as to avoid injurj-, and for convenience of carriage), it is better in the case of 
small roofs where there ai'e not many principals to use bolts rather than 
rivets, because there would be so few rivets that it would not be economical 
to send a gang of workers with their forge and tools, and because with bolts 
under ordinary circumstances all the necessary work in erection can be done 
by a carpenter. 

For the roof. Fig. 37.3, p. 215. The rafter is a T ii’ou x X and 
the stress it sustains = 7'83 tons (Table H, p. 213). 


Taking = 5 tons, bearing 


area required for bolts = 


7-83 , 

__ = l-56 square 


inch. 

For such roofs it is better therefore to use bolts, and coimections with 




bolts are shown in Figs. 225, 225a. That at the apex will now be calcu- 
lated. 

Joint at apex . — Assuming Ij" bolts. 

Bearing area of each bolt = |^"x l^" = -62 inch. 

1‘56 

Number of bolts required on each side of the connection = = 2'5, 

say 3. 

As there will be a plate on each side of tlie T ii’on the bolts will be in double 
shear, and the shearing strength will not require investigation, as it will be 
very much in excess of what is required. 

Tlie united thickness of the plates should be at least equal to the thick- 
ness of the stem of the X iron, i.e. ; but as it is better to make them a little 
in excess, in this case two plates each thick will do. 

Having calculated the joint for the T irons, the bars FC and CG (see Fig. 
373 , p. 215) must be considered. The diameter of the bolts should first be 
calculated in propoi'tion to the bars, as explained at jx 140, then the bearing 
area of the bolt on the connection plates investigated. If the thickness of 
plates calculated for the X irons is not sufficient, then the plates or the 
diameter of the bolts connecting FC and CG must be increased ; in this case 
the bars FC and CG are only diameter, and it can be seen by inspection 
that the plates are amply thick. Fig. 225 a shows the connection. 
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pitch and the kind of thread emjDloyed. In the case of Wliit-- 
worth’s screws, which are in general use in this country, the 
ratio is 

D = 0-9fZ- 0-06 . . . (79), 

which can also he written 
D + 0-06 

d = — qTq — = 1‘1 X D + 0-07 nearly . (80), 

D and d being expressed in inches. 

Now the area of the cylinder, that is the shearing area 
required, is 

ttD X 1. 

Hence Eg = 'irDl . 

As regards the value to he given to r^, it is to he observed 
that the metal is weakened in cutting the thread, and for this 
reason Huniher recommends a value of 2 tons to the square inch 
(instead of 4 tons, the usual value). Substituting for and P 
we get 

E, = 7r(0-9fZ-0-06)Zx 2. 

Practiced formida . — This equation will he found to reduce 
approximately to the following, which is a form suitable for prac- 
tical use — 

E, = (5-6rZ-0-4)^ . . . (81). 

Theoretically the resistance to stripping of the thread should 
he equal to the tensile resistance of the holt. The latter is 

7rD2 


4 


. r,. 


So that 




liDlr, 


/-!i ^ 

r/ 4’ 

= ^(0-9«^- 0-06). 

S 


find 


Substituting 5 tons for and 2 tons for and reduemg, we 


1= 0'56d— 0’04 nearly 


(82). 


d 


It thus appears that I requires to be rather more than „ 

A 

The usual practice is to make l = d, which is a good, safe rule. 
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COTTEE JOINTS. 

A usual form of these joints is shown in Eig. 229 (see also 

Part I.) Such a joint tends 
to fail as follo^Ys — 

1. By shearing of the 
gib G and cotter C (double 
shear). 

2. By the cotter cutting 
into the tie-rod T. 

3. By the gib G cutting 
into the sleeve ss. 

Let k be the thickness of 
the cotter or of the gib bearing against the rod or the sleeve, and 
c the width ^ of the gib and cotter ; t the thickness of the flattened 
part of the rod, and the thickness of each side of the sleeve, then 

Eg = 2hc X 

For the rod E^ = H x 

For the sleeve E'jj = 2/rfj x 

Moreover, the effective section of the flat part of the tie and 
of the sleeve must be proportioned to the resistance to tension of 
the tie-rod, namely E^. 

For a theoretical joint these resistances should each be equal 
to I 4 , hence 2ka\ = E^ . . . (83), 

= . . . (84), 

and clearly t = 2ti • • • (85)- 

If the value of k is assumed, the remaining dimensions for a 
given value of E.j, can be found. 

Esnmplo 28. — Tlie tie-rod of a roof is connected to tlie principal, 
and to tlie .shoe at the ahutmeiits, by means of a cotter joint, as shown in 
3^ig. 229 . Tlie tension in the lie-rod is 7*83 tons (see E.xample 42, p. 209, 
and Table H, p. 213). Find suitable dimensions for the cotter joint. 

Let I' ==!’', then from Equation 84, taking = 5 toiK per square inch 

^ X t X 5 — 7*83, 

whence t = 3’l inches. This is loo large a value for /. It will therefore be 
ncccs.-ary to take a larger value for J:, for instance 1 inch, then 

7*83 X 1 

f = =1-5G. 


Practicallv will do. 


Hence (85) 

( 
t 


— a' 
f? 4 


And 


2 X 1 X c X 4 = 7-83, 

r— 1 inch ncarlv. 


‘ .V t.rpf r of 1 ill •_’4 to 1 in -IS is u'^ually given to tlic cotter. 
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TIai Is tltc muiimum \'\hic of f Pncticilh, Jnorc room is rcfimrcd to 
fit m tlic gib ni)(l cotter , not less tliin 2 or 2^ iiiclics 

La^tU, to fiml the tk|ith o of the ricevc The cfrtcti\c section of the 


felce\t 13 




or = 

or 0 = 201 inc!ic« 


Sonic nlloTvince ought to be mile for |»os«iblc errors in mmnfftcture, so 
tint ^'mcticnll^ it Moulil be veil to iiinVc <i«=2* 

Tlie depth of the flit part of the lie rtnl shoiihl fll«o be nrule 2i inches 
Tht length of the sleeve shoiihl be imdc siifllcictit to prLVcnt the cotter 
slicanng n j icce out of each « Ic of it^ and the same is true of the flat jurt of 
the lie rod , the calculations ftre, however, left to the sttidcnt. The dimen 
fions given m the figure arc •bghtlj mon. than lho«c theoretiuallj iiecc««ar^ 


JOIKIS IN ^VOODKN STrvUCTUnCS 
Kumorotis kintla of jonitt ure cmplojod 1)> tlio c-irpcntor in 
fnmiug ttoodon stnicturcs, and a large number of these ^\elO 
described in Part I Iho proper pro|ioition5 for such joints ]ia\c 
been determined bj long txiKntnco, and the nccessit> to nmho 
nil) calculations in connection Mitli tlicm is neter likcl> to arise 
It IS, houotcr, tliougltt timt the considcntion of the principles on 
vhicli the strength of such joints could bo calculated uill be a 
useful exercise for the student, and a feu of the joints gi\en uill 
tlicreforo be examined anth this object m tieu 


“Fishod” Joint for Woodon Boam 


Example 20 — For instance, let us mijuirc into the joint eliow n in Fig 


230, which IS sliowTi in nio«t books on 
Carjicnlrj , and m I’art I 

If tlie liolts fit tigbtlj into the 
vvootl It can be considered Hint part 
of the stress is transmitted bj them, 


A_a A A A 


IE 


a| D 


J ai 


B 


and the remainder will therefore have 
to be transmitted bj the labhng * 

Clearly only the resistance to bcanng 
of the bolts need be considered If the fi«h ilate is made of the same wood 


Fig 230 


as that to be joined, the thinner part t should be made equal to - 


1.-2 


t being 


the depth of the indent Hence 

2f = 6-2i (86) 

The resistance to tearing of the fish plates will then be equal to the resistance 
to tearing of the beams to be joined It will also be seen that then the 
resistance to bearing of each bolt of diameter d is 
2f X tl X rj 
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So that if there are n holts on each side of the joint the total Resistance 

^nidn. 

Therefore the resistance to he demanded of the tabling is 


— 2nldri,. 

But (remembering that we must deduct one holt hole), 

E^ = 2t(a — d)rt. 

Therefore the resistance of the tabling must he equal to 

2t{a — d)rt — 2ntdru. 

Now the indent must he of sufficient depth to prevent the fibres being 
crushed ; this condition is fulfilled by 

2t(a~d)rt — 2iitdrij—2iarc . . . ( 87 ). 

Again, the length of the indent and the distance AB must each he 
sufficient to prevent shearing off of the wood. The resistance to shearing of 
either is 

cars, 

therefore t{a — d)rt — uldri — eai-g . . . (88). 

From these equations the various dimensions can be found. 

As an example take the following data, which assume that the wood is 
of fair quality Baltic fir. 

a =12", 

b = 8", 

n = 4, as in Fig. 230. 

d=r, 

re= 12 cwts. per square inch, Table lA,.p. 328. 
rc=10cwts. „ „ 

?s=l‘3cwt. „ „ 

rj = 12cwts. „ „ 


Substituting these values in Equations 86 and 87, we get 

2{ = 8 — 2i, 


or 

t = A — i. 

And 

i(12 - |)12 - 4t X ^ X 12 = i X 12 X 10, 

or 

99t=120r. 

Therefore 

99(4-i)= 120t, 


219i=396, 


i= 1*8 inch, 

and 

t = 2‘2 inches. 


Again, from Equation 88 we have 

2-2 X (12-f) X 12 - 4 X 2-2 xf X 12 = ex 12 X 1-3, 
whence e = 1 4 inches. 

It would probably be better in practice to neglect the resistance offered 
by the bolts, and take them as only holding the joint together. To adapt 
the above equations to this case it is only necessary to omit the term 
2ntdri. The equations then become 

21 = h- 2i, 
t{a — d)rt = iarc, 
t{a - cl)rt = ears. 

Taking the same data as before, 

t(12 -|)12 = ix 12 X 10, 



whence 


yo/xrs /X u'ooDrx stjjlctc/Zx'Cs 




(i-Oia-i-isoi, 

•“-S-iS “ 2 linchc«. 


lienee 

nml from rquilion 8 fl 


or 


< = 4 - 2 1 a 1 0, 

1 0vl2-3)12arx !2x 1 3 , 

1 0 X 1 1 S’) X 12 
12x13 


= 161 - inches ncirlj 

It nppeira stnnsc Ihit the ohtainc<l for e in this ease shouhl 1*0 
60 little gnatcr than in the first ea»e, but the reason is that the beam is 
much more Weakened than in the first crt«e owing to the greater depth of 
the indent, ns will be seen h} the following 

In the first ease the re»i‘tancc to ten*ion of the joint is 
2t^^l - d)rf b>2 X 2 2 X 1 ) 35 X 15, 
a&9l CWt* 

In the second case it is 

2t (fi - rf)rr a 2 X I 9 X 11 2'* X 1 2, 
a613 twt6 

r«rthcr, the snf*. resistance to tension of the full section of the timber, 
namet\ 8 "x 12 *, is 

8 X 12 X 12a 1102 cwts , 

from which it is csulent that this is « serj uneconomical form of joint, more 
than half the rtrength of the timhcr being Io«t 


Scarfed Joint for 'Woodon Beam. 


Example so -^Calculate the 6afc strength of the joint ehowu in Fig 
231, which is a bad form, ns pomteil out in Part I 



e 

Fig 231 


Prr^minanc* — Tliesanous dimensions are given m the figure, taking 
as before 

12 cuts i>er square inch, 

r-c«10 „ „ 

r ,«13 „ „ 

r6*ilS „ „ 

Tins joint can ful 111 three wajs ( 1 ) by tearing across da or be , ( 2 ) by 
shearing along ca, ( 3 ) bj the fibres at ab or a& being crushed 
For the firot we Inae 

R, = Dx2jxl2 = 297 cwts 

For the second 

R,«24x 9x 1 3 =*280 cwts 
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For the third 

= 9 X 10 = 315, 

It thus appears that this joint is most liable to fail by shearing the 
fibres along ca, and that 280 cwts. is the safe stress that it could be 
subjected to. 

The strength of the full beam = 9 x 9 x 12 = 972 cwts., so that this 
joint is still less economical than the last. 


232 is of 







Fi". 232. 




Joint at Foot of Principal Rafter (Wood). 

Example 31. — To ascertain ■whether the joint shown in Fig 
sufficient strength to resist a 
compression of 61 cwts. in tlie 
princijial. 

Preliminaries. — "Ng will as- 
sume that this joint is madewitli 
inferior timber, and tiierefore 
take 

= 1 0 cwts. per square inch. 

“7 ,, ,, 

Tg— 1‘3 ,, „ 

ri)~ 7 ,, ,, 

The joint may fail in two 
ways; (1) By crushing the 

fibres at ad; (2) by shearing the tie-beam along cd. 

As regards (1), the bearing surface is ade, allowing nothing for the tenon, 
which would not be fitted to bear ; de is inclined to the pressure, and only its 
equivalent at riglit angles to the j^ressure must be takc]i, therefore the bearing 
.surface is the whole cross section of the principal, less the tenon, that is 

4x2 = 8 square inches. 

So that 

= 8x7 = 56 "5 cwts., 

which is not quite sufficient. 

As regards (2), Rs = ^ x4x 1’3 = 31‘2 cwts. 

But it will be observed that it is onl 3 ’- the horizontal component of the stress 
in the principal that tends to shear the tie-beam along cd. This horizontal 
^ component can be'verj’- simply found by a graifiiic 
‘ * method, which will be more full}’- explained in the 
sequel (see Chap. IX.) Draw a triangle ABC (Fig. 
233 ) ; AB being vertical, BO horizontal, and AC 
parallel to the principal, then OB will represent the 
horizontal component required, to the same scale 

that AC rej)resents the compression in the prin- 

' cipal. In Fig, 233 the scale chosen is 50 cwts. 

to one inch, AO is plotted as 61 cwts., and the 
horizontal component CB is found to scale 53 cwts. 
It thus appears that the resistance to shearing of the tie-beam along cd (31 '2 
cwts.) is quite insufficient. 

The additional strength required can be obtained by means of a strap as 
shown in Fig. 234 . To find the stress in this strap we must resolve the por- 
tion of the horizontal component it has to bear parallel to the strap. The 



Scale 50 (p lo 1 inch. 


Fig. 233. 



JOINTS IN WOODEN STRUCTURES 


^53 


portion of tlie liorizontil component which the strip has to heir is 53 — 31 2 
= 218 cwts., and the resolved part of the stress can he found hj meins of i 
tnangle as before, and as showTi in Fig 235 Tims it is found tbit the stress 
in the strap is 43 G cwis =2 18 ton® 



found from 

2ixix5 = 2 18, 

whence 5=0 87 inch 

A strap 1* wide would he u«ed 

By 1 calculation similar to that given in Example 27, it will he 
found that a f" screw and nut are required 

A hearing plate is required to prevent the strap cutting into the upper 
side of the principal at e , its length will be 4 , the breadth of the pnncipal 
rafter, and to find the least breadth we have 

4x5 x7 = 43 6 cwt<*, 

whence ^ ~1| 'f>ch ne'irlj 

The hearing plate ^ at/ would be made of the same width 

The above calculation supposes that the horizontal component is partly 
borne by the strap, and partly by the wood Anj shrinkage of the wood 
would, how ev er, throw the whole stress on the strap, and it is therefore safer 
to consider that the whole of the lionzontal component is resisted by the 
«=trap The stress in the strap would then bo (referring to Fig 235) 

43 6 X ^y-^= lOG cwds = 5 3 tons, and making the strap of | iron, 

25x|x5 — 53 tone, 

5=14 

So that a strap 1 1 x | would be need 

The hearing plates at e and / would he made about 4" wide, and the 
screw bolt of f" diameter 


* Unless there is any objection to weakemng the tie beam at this point / would 
be better notched in to prevent slipping (see Part I ) The strap at c must be made 
as much longer than 4" as will provide bearing for the nuts and must be thick 
enough to prevent bending 


Chaptee VIII, 


PLATE GIRDERS. 

T he subject of plate girders was discussed to a certain extent 
in Part I., and it is now proposed to enter more into detail 
and to show how the various calculations can be effected. 

General form. — Fig. 236 shows in outline the 
general form of the cross section of a plate girder 
with a single web. The flanges consist of one or more 
plates (the thickness and number depending on the 
stress to be borne) riveted to a couple of angle irons ; 
the web consists of a thin plate, stiffened, however, 
against crumpling up, by means of vertical T or L 
irons. On referring to the distribution of the stresses 
in a rolled iron girder, p, 83 , it will be seen that the 
web of a plate girder being very thin can bear but a 
very small part of the direct stresses. Practically the 
Fig. 236 . -whole of the direct stresses may be taken as boz'ne 
by the flanges, and the whole of the shearing stresses by the web, 
when the flanges are parallel. 

Practical 'points to he attended to . — ^The following practical points should 
be borne in mind in designing a girder. 

The depth of plate girders varies from to ^ the span ; yV is said to 
be the most economical proportion. In floors of buildings much shallower 
girders are often used to save height. 

For calculations the “ effective span,” that is, the span between the centres 
of the bearings of the girder upon the abutments, should be taken, and the 
“ effective depth,” tliat is, the distance between the centres of gravity of the 
flanges (see Plates A and B). 

The Avidth of tire flange rmder compression should not be less than to 
of the span, or it will be liable to buckle sideAvays. 

hso plates of less than inch thickness should be used, or they Avill soon 
be destroA’cd by corrosion. 

Tliere should be as few joints as possible, especially in the tension flange 
and Aveb, 

Plate girders should be constructed Ardth a camber or rise in the centre 
of about yAy to -yl-jj- of their span, or at any rate in excess of their calculated 
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in like manner the point a"’ and c'", where the third plate ought to commence, can 
he found, and so on for as many plates as may he required to afford .the necessary 
resistance. 

The same process is clearly applicable to the comj)ressioii 
flange of the girder. 

Flanges for Plate G-irder of 20 feet span. 

Example 32. — The matter will be probably made clearer by an example. 
Let the effective span be 20 feet and the load 50 tons, equally distributed 
so that the moment of flexure at the centre is 1500 inch-tons^ (see Fig. 
240). Then we can draw the parabola ahc as explained in Appendix III.- 
Assume further that the depth of tlie girder to the backs of the L irons is 
V 7", and that 3" x 3" x L irons and qflates 10" wide are used. 

Tension, or lower flange. — It will be seen from Plate A that the cross 
section contains one rivet (^") hole in each angle iron, and two rir^et holes in 
each plate.3 It ivill be found that the “effective depth,” ^.e. distance between 
centres of gravity for the L irons, is 17T inches.^ Therefore the moment 
of resistance of both angle irons in the tension flange (taking = 5 tons) is 

2(3 + 2i-|)x|xl7-l X5, 

= 395 inch-tons. 

Hence we can draw bd by making al» = 395 inch-tons to the scale chosen for 
the figure, namely 3000 inch-tons to an inch, and we then find by measure- 
ment that aa' and c'c= Ti foot. 

Again, the effective depth of the first plate is 19’5", hence its moment of 
resistance is 

[10 - (2 X f)] X i X 19-5 X 5, 

= 402 inch-tons. 

Of the second plate 

[l0-(2x|)]x-l-x20-5x5,. 

= 423. 

Of the third [10 — (2 x !•)] x 1 x 21’5 x 5, 

= 443. 

We can therefore draw a series of parallel straight lines at distances 
representing these several values in inch-tons, until we just pass beyond the 
apex of the parabola. In this manner we obtain the points /, g, etc., and b}'^ 
dropping perpendiculars the i)oints a", a'", etc., so that the number of plates 
and length of each are shown in Fig. 239, and can be found by measurement.® 
Com 2 )ression, or njgpcr flange , — On the compi'cssioJi side the moment of 
resistance of the two angle irons (taking rg = 4 tons) is 


wl- 240 

^ = (see p. 33) = g = 1500 incli-ton.s. 

- A circular arc can be substituted for the parabola if the rise of the arc does not 
exceed Jth of the span (see p. 30). 

® In many cases, when the plates are wider, tiiey are riveted together also at 
their edges, so that there would be four rivets to deduct. 

■* It is as easy and more accurate to take “ effective depths ” separately for the pair 
of L irons and for each plate. 

® As the sum of the above moments is 16C3 inch-tons, and by the data only 1500 
are required, it is evident that the third plate need not be more than VV" tliick. It 
will be found that the moment of resistance of such a plate is 275 inch-ton.s. 


p/^irr c//:d£/!S 


»57 


f(0 + J 3 )x 4 xl 714 x 4 , 

•a 377 inrli ttn^* 

\nl of the fir*l I late lOx ^ x lOJ x 4, 

n too inch toi]« 

Of the tccoiitl «4I0 

Oflhethml «43(» 

Itciratin;* the ftlvixc j roce«» »lioMn m 1 239 mc ohtam the mimhcr 
cn I hiigtlH of I'htti tmn in l-i^ 240 


' c 

— — ---w 

n 


ST i 


! 

Urt: 

\ 

/ 1 


1 s. 


Ji? 210 




hg J50 


•vl^ ilj o\ *tnc 1 , the ftr-l ) late i« contmuetl m Ixiili the len«»on and com 
1 « jon ratine* for Uic whole length of tho pnU r, u I is show n in 1 ij, 
-SO S 4 t 

It u to te olr<cfa«l that m |»ractice the j laics (afier the. fiM) will be 
Mimewhat loii^^cr than shown on the diagnm, for thca must include the next 
row of rncts Uron 1 the ]x mt indicated m thcora 



WUl 

CVLCLLVTioSo FOI. Till Wni — S/ifarn>ff strev! — As nlrcid} 
tiieiilioiicil, the web can be considered ns taking tlic wliolo of the 
shearing strc«s, and no great error aaill bo nuohed bj furthci 
assuming that tbe stress is uinfomili distributed oaer the cross 
section '1 lie methods of finding the muount of the shtaruig stress 
ln\e already been c\phnicd m Clnp III, p 55 cf sej 

The thm webs of plate j,irder8 tend to f« 1 , much in the Bame waj os 
long comprcs.'uon bars do, b) bending or buckling, as shown m Fig 242, and, 
to uiiderstand this, we must consider for a moment the stresses acting on a 
finall portion of the web Let Fig 243 represent n siriall eijuare marked on 
the web We know from p 01 that acrtical eheanng stresses V act along 

‘ The rivet 1 oles are not deducted M the nrets aro supposed to fill them so that 
tho pressure is transmitted over the whole section S^me eiigmeera would take 
r,=:D tons 01 or the section deducting tbe met boles M of tlio angle irons would 
tbeti be the same as for the tens on flange 395 lucb tons 
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AB and CD, and that horizontal shearing stresses H act along CB and AD. 
Now it is clear that these forces will distort the square and inalce it take the 
shape of a lozenge, as shown in an exaggerated manner in Fig. 244. This 



distortion clearly extends the material in the direction BD, and compresses it 
in tlie direction AC; and the tensions and compressions thus excited in the 
material will just balance the shearing stresses. This may perhaps he more 
clearly understood hy imagining the square AG formed of four rods jointed 



Fig. 245. 


Fig. 246. 


at A, B, C, and D, and two springs introduced as shown in Fig. 245.' When 
the forces H, H, V, V commence to act, the square will be deformed as shown 
in Fig. 246 ; the spring BD will be stretched and the spring AC compressed ; 
and (suj)posing the spring AC is not allowed to bend) the extension and com- 
pression of the springs will continue until they balance the ajrplied forces. 

Now Professor Eankine has shown that the intensity of tension and 
compression excited as described above is equal to the intensity of the 
shearing stresses which produce them. We may therefore replace the 
vertical and horizontal shearing stresses, acting on the web of a plate 
girder, by a tensile and compressive stress of equal intensity, and acting 



Fig. 247. 



in directions inclined at an 
angle of 45° (see Fig. 247). 

Now it is the compressive 
stress CC which tends to cause 
the buckling of the Aveb, and 
for purposes of calculation we 
can consider the web as made 
up of a series of strips, in- 
clined downwards towards the 
supports at an angle of 45°, 



Pl^ TE GIRDERS 


*59 


nil 1 cacli acting ns i long column. The IcngUi of tlje«c long columns is clcarl} ^ 

\/2x4 

vlierc 5 IS the uii«uj>portcd depth of the vcb between the an„le irons (sec Fig 
248 ), anti they can Ite con'iJeretl ns “fixed” at the ends 'Ihc tluckne'ss (tj 
cf the Mcb 18 the least diameter of the long columns in qiicstton IVc can 
thtrtforc api 1} Gonlon’sformul-iffccp 1 13, or Tables V and XI) to calculate, 
the ncccc-sarj thichnc«stobcgi\cntothcwcb Il,!io«c%er,frcqucntlj happens 
that an undue thickness nould Ime to be given to the neb to make it still 
enough In such a case the additional resistance to buckling can be obtained 
b> rncting vertical T or L iron slifftners to tbc v\eb as shown m 1 ig. 249 , 
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250 


anl if S is the clear space between the stiffener', the length of the long 
columns into which the web is supposed to be divided is 
Sx ^/3, 

and Gordon’s formuli or Table V can be applied as before 

As statwl bolow,' the base and perpendicular of the triangle, of vrhicli 
the column is the hyt)othcnu«c, arc equal Therefore, when the distance S 
Ijciwctn the stifftncrs is less than 6 , Swill represent the base and perpen 
dicular of the tnangle, and the length of the column will be shortened 
From this it will be seen that stiffeners are thcoreticall} u«elcs 3 unless they 
shorten the length of the assumed columns, and to be effective must be closer 
together than the depth 

Example 33 — The depth between centres of rivets of a web is 21 and 
the unsuiporteil depth (S) is 18', the thickness and the shearing stress 
to be resisted is 0 3 tons Find vvUcthci auy sUtC'Uier& wo ueoessarj, and 
if so, at w hat distance apart thej ought to be placed. Find also w hat thickness 
oUg,ht to be given to the web to obviate the necessit) of stifTcners ^ 


’ Length of the long coIunm= -^,,= Vlxd 
° ® Bin 46 

’ The length of the columns is represented by the length of a line dravra across 
the web in the direction that the web will fail, and as this direction is at an angle of 
45*, Its length can be represented bj the hypothenusc of a right angled tnangle whoso 
j erpendicnlar is equal to the depth of the web The formula <s/ J x 5 which expresses 
the length of the hj potkenusc in terms of the depth of the web is arrived at from 
Euclid Book I , Proposition 47 

® The web being very thin the sbeanug stress may practically be considered as 
uniformly distributed not asm Pig 97, tho depth of the web to resist shearing 
being taken as equal to tho distance between the centres of the rivets connecting it 
to the flanges 21" in the present example 
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Substituting in Gordon’s formula (see p. 113) as folio ws- 

rc = 4 tons, 

1 


a — 


2500’ 

Z = 18x a/ 2, 

fl— “ " 

we obtain — 

Safe intensity of compression in the web = 


1 + 


1 


( X I8f \ 


,2500" 

= 1‘1 tons per square inch. 




Using Table V., n being 3‘5, tbe ratio is 3‘5 
whence the safe intensity of compression is 0'88 ton. 


J2xl8x 16 


,• or 285, 


JSTow the intensity of shearing stress per square inch is 

— — = 1-42 ton. 

21 X " 


TW 


Evidentl}^ therefore, the web is not quite stiff enough. 
To find the distance apart of the stiffeners we ha-s^e 

4 

= 1-42. 


1 + 


1 


2500 


X 


(\/2.S)2 

(t%)- 


Whence we find by reduction 

S2 = 221, 

S = 14‘9 inches. 

The distance apart of the stiffeners can also be found by means of Table 
V, The ratio corresponding to a stress of 1'42 ton is 215. Hence 


a/2.S 


or 


3-5 

u 

TTT - 

S = 13’5 inches. 


= 215, where 3’5 =n in Table V. 


To find the thickness of web required to obviate use of stiffeners we have 
from Table V. as above 3'5 ■ — = 215, 

(w 

or f,(, = 0'413 inch nearly. 


We can also use Table XI. for this purpose. The stress per foot of depth of 
9'3 X 12 

the girder is — - — = 5-3 tons, which for a net unsupported depth of IS" 

^ i. 


corresponds to a thickness of web of 

The shearing stress we have been dealing with is the maximum stress at 
tlie ends. The intermediate stresses diininisli towards the centre (see Fig. 
90), and the thickness of web may accordingly be reduced ; biit it is never 
advisable, for practical reasons, to use less than i)lates even at tlie centre 
of the girder. 

When the load on the girder is concentrated at one or more points it is 
usual to add stiffeners to the web at such j)oints, to transmit the load equally 
to botli flanges. 
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Joints in tho Wob — Tliesc joints arc arranged as sho^\ n in Tig 
251. One or t\\o co^cra can be used as shown in the sections, 
but it 19 better uork to use two 

co\ers llie thickness of one co\cr 4 1 1 T 

should be the same ns tint of the \ ® ® 

ueb '\^^len tuo co\ers arc used ® 

their combined thickness should bo 
at least equal to that of the ueb, so ® 

long ns neither of them is made less i *- 2 . . 2 J 1 

than ^ inch thick \— ■ - 

As regards the number of naeta 
required to make the joint, it 13 to . 
be obscra cd that they must be sufll- F,g 251 

cient on each side of the joint to take up the shearing stress 
at the section of the girder where the joint 13 made 

E**tnplo 34 — For instance, taking the same data ns m the two previous 
example®, namoh — Shearing stress •• 0 3 ton®. 

Thickness of wch*»l inch, 

Diameter of nvets « | „ 

llio bearing resistance of one ruct la 2 G2 tons , bo tlmt the number of nseta 
n.quired on each side of tlio joint is 

= 36 nearh 

2 0 . 

These rnets are arranged as abown m Tig 251 , and the pitch would be 
18 , , 


which IS too great, being 13 times the thicknc«s of the plates meted The 
pitch n*aj be taken at 12 tunes that thicknc® 5 ,* or practicflllj at 4 

U'ullh of to\er plates — As regards the width of the coaor plates, follow 
ing the rule, p. 13G, that the centres of mets arc not to be nearer the edge 
of n plate than tunes their diameter, it will be seen that the width must 
uot be less than d = 6 «f 

In the abase example, therefore, the least width of coser plate is 
G X ^ G J inches, say G inches, 
end this would be a eiutable width to lake 


Connection of tho Wob -with tho Flanges. 

The web is connected to the flanges by being na eted to the 
angle irons, and the number of nvets should be sufficient to with- 
stand the horizontal shearing stress The easiest w ay is to calcu- 
late the amount of the shcanng stress per foot, and then to find 
the number of nvets required for beanng and for shearing 

Example 36 — In tho above example, for instance, the shearing stress 
at each end per foot 

^ See Stoney aSale, p. 136 

B C — IV. JI 
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9-3 X 12 
21 


= 5‘3 tons. 


Now if rivets are used, tlie resistance of one rivet to bearing in weL (taken 
as thick) is =2 *62 tons. 

(The resistance to shearing need not he considered, as it is much greater.) 
Hence the number of rivets required per foot 

= ^=2 
2-62 ’ 


so that a 6-inch pitch would be sufficient as regards bearing, but this would 
be too great in proportion to the thickness of the plates, and a pitch of not 
more than 1 2 x f = 4^" should be adopted. In practice -I" rivets vuth 4" 
pitch would probably be used in both this and Example 34. 

We have now considered the main points in the calculations 
required for plate girders. In the two following examples some 
further matters of detail will he considered. 


Example of Plate Girder witli Single Web.^ 

Example 36. — Design the girder shown in outline in Eig. 26, p. 21. 
Load. — The load to be borne by the girder is 23 tons placed 10 feet 
from the left support, and from Fig. 54 it appears that the greatest bending 
moment occurs at this point. The weight of the girder itself must, however, 
be taken into consideration, and this weight can be found by using either 
of the formulte given in Appendix XV. These formulas can only be expected 
to give approximate results, but the error is, as a rule, too small to be of any 
practical importance ; they are based on the supposition that the load is 
uniformly distributed. To apply them in the present case we must therefore 
first find the “ equivalent ” uniformly distributed load, that is the uniformly 
distributed load that would produce the same bending moment at the centre 
of the girder that the actual loading does. Now if W is this load, we know 
by Case 7, p. 33, that the bending moment in the centre is 

Wi 17. 30 , 

= — = — — foot-tons. 


And from Equation 2, p. 25, the bending moment due to the actual loading 
E^x 10' = 15-33 X 10 = 153-3 foot-tons. 


So that 


17 = 


-?-x 153-3 = 40-9 tons. 
30 


is 


This does not include what would be required to carry the weight of the 
girder itself, but the additional material would be small (about -1 6 ton), so 
that we can take 17 = 41 tons. 

Approximate weight of girder. — Using Unwin’s formula (see Appendix XV.) 
and taking the data given there, and taking D = 30" as below', w-e obtain 

. 41 X 302 

m.ght of girder- lepo X 4 X - 80^ 

= 2-62 tons. 


As a check we may use Anderson’s formula, and thus w-e obtain 

Weight of girder = —;:; x 41 x 30, 

OoU 

= 2-2 tons. 


^ See Plate A, p. 352. 
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Hie former result ngrccs \utli tlie«eiglit of ilie girder gnen nt p 21 (2 C 
tons), and mc will assume it to Ijc the m eight of the girder 

Depth of girder — Tlio tlepUi of girders is usimll) taken nt 
from I to tV of the span It should he ohsera ed that the deeper 
the beam the more liable is the at eh to buckle, and therefore a 
thicker aveb or a greater number of stifitners aaill be required 
On tlic other hand, a shallow gitdci requires more metal in the 
llanges, and is less stiff AVo aaill nsstiiiie a depth of 30', that is 
•jV of the span The distance hctaaeeii the centres of gravitj of 
the flanges ma} be taken as 30' 

It remains to be seen whether the depth chosen (30") is 
eufficieiit to ensure tint the deflection docs not exceed a certain amount, sij 
per foot of span The total aliiiis«ihle deflection would be 
» ^ X 30 0 76 inch 

Now, ns the beam is to be subjected to certain limiting stress, we can 
u«e Equation 4C, p. 07, namely — 

LU 


As reganls the aulue to be giacn to n,it is to be ol «ciTcd that the 
Ixam smU be stitrcr than a beam of umfonii strength, but lc«s stiiT than a 
beam of uniform section, for the former and for tlic litter (with 

central load) It will therefore be a fur approximation to take 


burthcr, let 


re*a4 ton«, 
ff s> fi tons, 
1=300 inches. 


As reganls the iilue of E it should be obicned that the full Mine 
(29,000,000 lbs.) for wrought iron p.iimot be reckoned on m built up girders, 
owing to the unaroidablc imperfections of ructin„ A value between 
10,000,000 and 18,700,000 is generally assumal "Wo will take 17,920,000 
lb*'., or 8000 ton* lienee 

^ Q 300*" 

8000 X 30 ’ 
dsO 49 inch 

So that the girder is amply stiff enough 

JFtdth of flanges — The widtli of the compression flanges should be 
sufBcient to present buckling sidcwijs. It is found bj experience that for 
this purpose tlie compression flange shoull be mnio about ^ to -yg- of the 
span, that is 111 this case 12 to 9 inches Me will take 9 inches. 11 e width 
of the tension flange is not subject to the same condition, but for uniformity 
we will assume it to be also 9 inches wide 

Tliicl ness of flange plates — ^Thc thinner the plates used the more neatly 
can the girder he made to approximate to a beam of uniform strength On 
the other hand, corroaion affects thin plates to a serious extent, and the 
number of plates to he joined tr^ther is incieised It should also be 
observed that very thin plates are liable to buckle along the edges when 
placed in the compression flange Professor Unwin sax a that the thickness 
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should not he less than of the span. In practice the thickness is limited 
between and -I"; usually or is found to be suitable. We will in this 
example take plates. 

Angle irons for connecting tlie flanges to the web. — ^The thickness will be 
taken the same as that of the flange plates, namely |-". A table 3 inches wide 
gives sufiicient room for riveting, but in the present case we will use angle 
irons 3|-" x 3|" x f", as they will afford more room for riveting. 

Calculation of flanges . — are now in a position to proceed 
witli tlie calculation of the flanges in the manner explained at 
p. 156. 

From Fig. 54 , p. 35, it will be seen that the diagram for the moment of 
flexure due to the single load consists of a triangle, the height of which is 
the maximum moment of flexure. This maximum moment of flexure due to 
the load is in the present case equal to 

R^x lOx 12 = 15-33x lOx 12, 

= 1840 inch-tons. 

We thus get the triangle AdB shown in Fig. 252 , 

The weight of the girder itself produces a different diagram of bending 
moments, namely the arc of a circle (see p. 34) ; and the height of the arc 
is the bending moment at the centre, that is 

2-6x30x12 

■ X = 117 inch-tons. 


We thus obtain the arc AcB shown in Fig 252 . 



The diagram for the total bending moments can of course be found by 
adding the ordinates of the arc to those of the triangle, and thus, finally, we 
get AeB as the diagram of bending moments. 

Tension fla'tige (see Plate A). — The rivet holes must he deducted 
from the cross section to obtain the effective section. Deducting 
one f " rivet hole from each angle iron, and taking the depth to the 
hacks of the angle irons at 29", i.e. 1" less than the distance be- 
tween the centres of gravity of the flanges, whence the "effective” 
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(loptli* of tlic angle irons is 27' we obtain the iiioincnt of resist- 
ance of both angle irons 

-2,35+3' -3-})3x£7xii, 

— 503 mch tonik 

Two nvcl holes inn«t l>c tlcitnctcil from each jlalo, fo that moment of 
re‘i*tanec of the fipit 1 late 11 

-(9-2x J>5x202x5, 

»• 4 1 3 incli tons nMrh 

In the Mine 'nj* it irjll l»e foun I tint the moment of resistance of the 
seconl |Utc 11 — 423 inch ton% mil of 1 I 0 thml jlato 131 incli tuns. Tlic 
total innmoiit of ro«i»taneo of the t. irons an I iJe three {latcs is thenfon. 
1SC3 inch tens, Trhieh is liss than the maximum Uiuhn^ momiiit of 1014 
inch ton*, I ut I raclicallr suDicicnU 

1 ollowing out tliQ process otplamcil at p arc obtain the 
coinpkio*! (In^pnm giacn in J 253 , which slious tlie number of 
plates reipiired ami llic length of each On referring to the rabies 
in I'art 111 , gnittg tho nmrhet sizes of iron it will bo seen that 
phtes of the full length tan rvadilj Ik* obtatuc*!, ami that ihcrcforo 
no joints nro ncctlctl , but as an exercise for ibc stiulciit ilio joints 



Fig 2M 


In^e been so arranged in Itg 253 that no plato will exceed 
13 feet in length, and, morcoicr, tbo joints Into been so 
placed tint ‘ grouped ’ joints can bo fottned Each of theso 
joints requires to be designed and calculated on tlic principles 
e^plamcd m Chap VII , and in fact ono of tho joints has been 
worhed out in 3..Aamplo 2 f, p 132 

(7oniprcssiou Jlctnrfc — ^Tho diagrwn of bending moments just 

' t f distance between cenltea oT gravitj of angle irons. 
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obtained for the tension flange bolds good for tlie compression 
flange, and is re-drawn in Eig. 254, bnt upside down, so as to 
sliow tbe plates in tbeir proper relative positions. 



As already remarked at p. 136, it is not necessary in this flange to deduct 
the rivet holes to find the effective section, but the safe stress is reduced to 
4 tons per square inch. 

The moment of resistance of both angle irons will therefore be 
2(3|. + 3-1- - §)§x 27x4, 

= 537 inch-tons. 

Tlie moment of resistance of the first plate will be 

9 X X 29§ X 4 = 396, 

and so on. 

The total moment of resistance of the L irons and of the three plates will 
be found to be 1754 inch-tons, but the maximum bending moment is 1944 
inch-tons. It will be therefore seen that three plates do not give sufficient 
resistance at the point of maximum moments of flexure, but practically they 
arc quite safe. making the outside plate -1" thick the moment of resist- 
ance will be increased to 1897 inch-tons, which is near enough. 

Repeating the operation we can obtain the number and length of plates 
required, and also ascertain in what position the joints ought to be jilaccd if 
full-length plates cannot be obtained. 

The flanges can now be considered as designed, with the exception of the 
joints, for wljich the student is refeired to Example 24, p. 132. 

IVd ). — To design tbe web Ibe first step is to find tbe shearing 
stress in each portion of it. 

The siin}>lost w.uy is to make use of the diagrams given in 
Ciiap. IIT. As the girder is subjected to two loads, we must 
comlnne the diagram for a uniform load (Fig. 90, p. 59 ) with that 
for concentrated load placed at atjy point (Fig. 92). 
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Tlm% in Fig 255, A^/B reprc^cnti tlic Blic^nng Btreaa due lo tlic wciglit 
of tlic ginler, and AjW/B Ihe 
sliemng eln.-i due to tlic load of 
23 tona, K) tint AfwnoB rejvr* 
wntj tlic shcanng ?tn.M to which 
the well 18 juljccfcth 

It mil be ol«cnetl that owing 
to the V eight of the ginler being 
fmall in coniiianjon with the load 
to be earned, the Micanng BtrcM la 
nlmo't constant from A to D and again from D to B It will therefore be Ihco- 
rcticalh b(.8t to male the w eb of a certain umfonn thickiiccB from A to D, and 
t f another lo'S thKknc«.i from I> to D , thc*c thickncMcs mu«t now be found 
lur the jyirt .ID we hate a maximum aheanng #tre88 of 1 C 0 tons to deal 
with (seep 22), and the dej th of the wcb(S) lictwcen the angle irons maj lx. 
taken as 22* and the distance 1>clwccn the centres of nacts as 25 1 (roe Plate A) 
As*unung the web to be i* thick» the iiitcn«it> of shcanng elrc«s is 
IfiO ‘ . 

j ^ I ■» I 32 ton per square incli 

Xow referring to Table V , we find the \-aluo of ^ for the cqunalcnt long 
ccdmnn to l<e, taking n «» 3 5, 



and htneo the taf>. intcnsiij of tltcM (for a column fixed at both ends) to bo 
ncarl) 1 10 ton , fo that a web will do aery well 

We can alvj find the thickncn of the web b\ means of Table XI Tlic 
net un*npportotl width of the plate is 22 and the shearing stress per foot is 
1C 0 X 12 

— — — ■«i7l)t tMi<, and It will be seen on nfcmng to the Table that i 
is the lhickne«s requircl 

It should be noticed that the mets, which have been selected, arc a 
little small for a i* plate, but this dilhculty can be overcome by drilling the 
hole', or bj u«ing a §* plate for this part of the w cb, supported bj stiffeners 
Pitcli of nr</s to coniirrt the ircft to fhe^an</a •— Tlic slrc's per foot is 

X 12 *a 7 94 tons ncarl} 

Taking ff *= 4 tons and =» 8 Ions the resistance to bearing of a J* rivet 
in a A* plate is 3 0 tons (Table VIII X and tbc resistance to double shear 
isl8x2>=3C tons , so tliat the iininbcr of na cts per foot 



Practically a pitch of 4* would do 

i or the part IJB of ihe i«6 we have n maximum shearing stress of 9 0 tons 
(seep 22) Assuming the web to be thick, the intcnsitj of shearing strexs 13 

. _L2_«095 ton 

^ ^ 251x1 

But the value of - is 



* See Appendix 'I , p 293 
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22 X >v/2 


= 290. 


And from Table V. the safe intensity of stress is 0*86 ton, so that a -I" plate 
is somewhat thin. It should be observed, however, that the maximum shear- 
ing stress occurs onlj^ at the abutment B, and it will also be found that 
is thicker than necessary according to the Table. There can, therefore, be 
no doubt that f" is thick enough. 

To use Table XI. we have : net unsupported width of plate = 22", and 
shearing stress per foot = 4-4 tons, which correspond to a thickness of I-". 

Pitch of rivets to connect the web to the flanges. — The stress per foot is 

9-0 

X 12 = 4-3 tons, 

JiQ* X. 

and the resistance to bearing of a rivet in a f" plate is 2-2 tons. Hence the 
number of rivets per foot 

2-2 ’ 

or a 6 " pitch will do as regards bearing ; but in order to keep the plates 
together the pitch should not exceed 12 x|-" = 4-|", and may practically, for 
the sake of uniformity, be made 4" as in Plate A. 

Joints in the web. — Two joints will be required in the web, so as to keeji 
llie plates within the ordinary market sizes. One of these joints will be best 
placed immediately under the load, and the joint can be made bj' means of 
two J. irons, which will also act as a stiffener to transmit the load to both 
flanges of the girder. Referring to p. 136 we see that the least width of the 
table of the X iron sliould be 6 x f = 4|- inches. A 6 " X iron will however 
afford more room for the riveting as shown in Pig. 256 . 

It will benoticed that this joint is placedat the point where there is nosliear- 
ing stress in the web, so that theoretically there is no need for a cover ; but prac* 

P'/’itch h'Uitch 

K 





Fig. 250. Fig. 257. 

tically it would not do to dispense with it, and, moreover, in this case, as before 
said, it fulfds the important duty of assisting to transmit the load of 23 tons. 

Theoretically, no rivets are required to connect the X iron to the web, but 
practically they would be placed at about 4" pitch to put the girder together. 
Fig. 257 represents the joint. 

The second joint will bo best placed midway between D and B. The 
shc.aring stress at this point found from Fig. 2 5 5 is 8'4 tons.^ The cover plates 


' The student is recommeudod to draw Fig. 255 to a largo scale to obtain this value. 
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cAn be un C" >' j n^\ \ t»r a tlilcbnov» To fnul the 

immlwr of rnot*, llie bciMngresjaUnccof I* Ti%cta }n n |'platc n 2 25 
thcrcfori. iiumlrt.r of n\cta 

ntarl., 

or a 4' jNvtch v.\U tlo j 

Iitlj illars , — Tfic ends of ihc ginlcr should bo 
stiffmo 1 ton-xift llicslicarmgstrcMnltboxepoinU 

The ino't ofononnoil wnj is to *loit the longi I 

U^linal an^le irons at the ends of the R»id«.r», 

and to ns ct tsro s crtiwil angle Irons to the wcl , > 

^ ^ u«in^ picking jicccs as ihosvn 

I The ends of the gmlcr = - 

jl tiro gcncnllj bedded on c I 

\ , , filiectlcid f he m ct hcids | 


|j ftllovt of th« m»d four of ^ j p1». ^ 

III tlio met^ ttowUl bo left out | ® 

nt one end (o enable the | 

^ girder to bo bolted dots n to ! j [ 

~ the top of tbo column g \ ^ \ ' 

' li„' 259 and Plate* A ^ ! 

flhou the girder ns arnnged to complj C 5 i * 

with ibo calculations made abo\c llio t 5 

total length of tbo girder is 31' 0", 1' O' v ' 

more than the distauco between centres | j -v 1 -' 
of bearings, or 2' 0' inoro than the clear ^ ij U , 1 ’ 

spin, thus allotring 12* at each end to ^1^ ' — ^ I' 

rest on the cap of the CT column and 
on the wall Tho bearing area is tbcrc- 1 I 

9 

fore — X 1 =s 0 7 5 square foot, so that the 

pressureotthewallendis^^ =120ton3 

per squire foot, and this is not more tlnn | 

a hard stone can bear If, bowcicr, the | ’ 

stone IS soft a casting ought to be placed | 

under the end of the girder to distnbutc 

the pressure 

^ In Plate A the joggles »a the angle iron are omittcl for the sake of s inphcity 
and economy m coastnietton 


— JV (/ cUar spa y 
Sff O' tffuti e sjvui 
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Example of Box G-irdor. 

Example 37. — Calculate and design a box plate girder to act 
as a bressiimmer, as shown in Tig. 260 (see Plate B, p. 353). 

Load , — Tlic first stop is to find the load to be bonic by the girder. 
The i^ortion of the ■wall supported by the girder is shown in dotted lines ^ 
in Fig. 260, and the cubic content of this portion is 



^ It might be objected that the load due to the wall ought to be taken as the 
weight of the wall contained between vertical lines drawn from the ends of the 
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f 20 + 11 . « „ IC + n , ■) H 

■j — — x3+8x8 + — 5 — xl >• — 

, f 1-1 + 10 ^ „ lC + 14 , \ 0 

+ 4 — 5 — X 2 + 8x84 — X 1 J- — 

» 229 cubic fctt 

A cubic foot of bnckuorl^ uci(,Iis 1 cuL («cc Table MTI),* so that 
V eight of brickwork to be suj iwtdlo 229 cwti* 

The fir't lloor 13 eujijxirtiKl o\cr a length of 18 feet, ami since the floor is 
20 het unit, ana supjKirted = 18 x 10« IflO square feet 

Tlic sccoiui floor is eupporlctl for a length of 1 4 het bj the ginler, lienee 
floor area eupj ortcrl «» 14 x 10= 140 feet. 

The total for both floors is thtn-fin. 320 square feet. 

A«Muiiing tint the«e arc warchomc floors, ami tint the load is 3^ cwt«. 
per square foot, the total load proJucwl bj the two floors is 
320x3 5 = 1120 cwt< 

lAstlj, the length of the roof supported is 14 feel, that n, a horizontal 
an .1 f f 14 X 10= 140 fquan, bet is sniportc^l Allotting 10 lbs. jer square 
foot (Trcdgold), the load diiL to the roof is 


BflOCtttS. 


140x40 

Tlic total load on the gmkr (except its own weight) is therefore 
229 + 1120 + 50= 1399 cwt« , 

= 70 tons aerj nearlr 

/tpproxiiiiatc wijht 0 / jirtfrr — Clcarlj this load can be taken os umfomilj 
distributed 

Using Ander'on’s fortnuH (Appendix W ) to obtain the weight of the 
girder we get the wtiaht i*er foot run of ginler 

--^^112=4 X 70 lbs. = 280 lbs. 

SCO 

lienee total weight of ginler 

= 280 Ibo X 20 = 6000 IIis 

= 25 Ions. 

Therefore Uic total distributed load the ginler has to sustain is 
70 + 2 "i = 72 5 tons 

DfJUction — As the load is considerable we will take the depth at jp- of 
the span, that is 24* It remains to be teen whether this depth avill giac 
sulTicicnt stilTne*'' In the formula (Lqiiation 10) 

. n'(r. + r,)f 


IVe haac in this ca«c 


LU 

r^ = 4 tons, 
r/ = 5 tons, 

1=240 inches, 

E = 8000 tons (sec p. 1 C3), 
D = 24 inches, 


girder , it u considered, howerer, that the bond of the brickwork causes it to tako 
part of the weight 

^ Under some circumstances it would bo better to take 130 lbs per cubic foot as 
the weight of the brickwork, to allow for the bneks being saturated with water 
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m 


So that 


4 



l-'rom tlii^ O'juation the \aluc of t can 1*c found, an excrci*c is left to 

the student. 

Tlic n«uU c-in ho ohtaincil more rapidlj hy u<ing Tnhle V. It will he 
found that ft safe inten«ilN of etrc«s of 1 90 ton comsiwnds to n ^aluc of - 
of 170. lienee talking n ea 3 & nc hn\c 
ICc-k^ il? 

7 “ " 33* 

whence c«= 13 tndies noarl}. 

Tlic stifTi-nerscin therefore t>c Arrangetl lu shown in Fig 264, one BtifTener 
licing jdaced immedntcl} at the edge of the ahuttnint, the otlicr just niiero 
the |datc coinnicnccs to be strong enough uiUiout assisLance. 

Joinlun the i’th — There wiU he two joints ; the c.alculations for these 
are rrceisely simihr to Ihow: already made, and arc left to the student. 

Je\nU in tAe/.iwj'i «iU not he iiccc««ara, as the longtst jdate is only 20’ 
long. 





1/6 


NOTES ON BUILDING CONSTRUCTION 


End j}i7?ars. — The clear span is 20 feet, but the 
girder must be made longer at each end so as to bear 
on the stone sills, say 9 inches ; and as the shearing 
stress is considerable, it -would be advisable to adopt the 
arrangement shown in Fig. 264. 

The completed girder is shown in Fig. 265, the 
thickness of the plates being considerably exaggerated, 
also in Plate B. 

Intermediate diaphragms. — In a large girder, two or 
three of these should be inserted. They are pieces of plate 
iron riveted to both webs to prevent racking, that is, to 
prevent the girder bending over as shown in Fig. 266. 

Saddle-backed or Hog-backed Girders have a curved upper flange sucli as 
that of the Cast-iron Girder, Fig. 144. Both flanges can be made of nearly uniform 
section throughout instead of as shown in Fig. 23S. 

Such girders are however very seldom used in connection with buildings, and 
need not be further described. 

Alternative Rules for the thickness and spacing of stiffeners of Plate 'Webs. 

Sir Benjamin Baker in his remarks on the practical strength of beams says ; — ^ 

“ So far as plate webs of medium size are concerned, the author is of opinion that 
the general conditions laid down by Jlr. Chauutc in his specifications for the Eric 
Railroad bridges, meet all the requirements indicated by experiment, and he cites 
these in preference to his own practice as being independently deduced. 

"Those arc, that the ‘shearing strain’ shall not exceed half that allowed in 
tension on the bottom flange of a riveted girder, and that when the least thickness 
of the web is less than ■sV of the depth of the girder, the web should bo stilfcncd at 
intervals not over twice the depth of the girder.” 

Jlr. Theodore Cooper,- M.Ani.Soc.C.E., gives the following rule for n-rought iron 
girders : — 

“The webs of plate girders must be stiffened at intervals of about the depth of the 
girder, wherever the shearing strain per square inch exceeds the sti-aiu allowed by 
the following formula : — 

Allowed shearing strain in lbs. 

3000’ 

where II = ratio of depth of web to its thickness ; but no web plates shall be less 
than thrco-eightlis of an inch in tliicknes.s.” 

' Min. Proc, Inst. C.K, vol. 02. 

- General S^Kcificalions for Iron and Steel Jlailroad Bridges and Viadnets. 



Fig. 266. 
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BRACED OR FRAMED STRUCTURES 

General Remarks — Before proceeding to the consideration of 
lattice girders and roofs, xvhich are braced structures, we must 
investigate a feu general propositions in connection with such 
structures and we will also give tuo methods of finding the 
stresses lu them 

Lot us consider in the first place the simplest case of a weight 
■\V supported by tuo rods, as shouu in Fig 267, A and B being 



Fig 267 Fig 268 Fig 269 Fig 270 


fixed pomts The two rods ore evidently in comprebsion and as 
the} are equall} inchned to the direction of the weight they will 
be subject to equal stresses The same remarks apply to the 
rods shown in Iig 268, with the exception tint they are m 
tension instead of in compression 



Fig 271 Fig 272 


If the inclination of the rods to the %trt%cal is diminished, as 
m Figs 269 and 270, the stress in them will also be diminished , 
and on the other hand, if the inclination is increased as in Figs 
271 and 272 the stress will be increased. 

B c — 1\ N 
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In Figs. 273 and 274 the rod AI) is shown at a greater inclina- 
tion to the vertical than the other rod. Clearly the sti’ess is less 


Fig. 273. Fig. 274. 

in AD than in BD. If, as in Figs. 275 an^d 276, BD is vertical, 

D 


w 

Fig. 275. Fig. 27C. 

that is, the inclination to the vertical is nothing, the stress in BD 
will be equal to W, and there will be no stress in AD. 

Having thus obtained an idea of the manner in which the 
position of the rods relatively to the weight affects the stresses in 
them, we proceed to show how the actual value of the stresses 
(in terms of can be found. 

Eeturning to Fig. 267, draw Ja (Fig. 277) parallel to W, M 
parallel to BD, and ad parallel to AD, then by a theorem called 
the “ triangle of forces,” ^ if ha is drawn to scale to represent W, dh 
I I will represent Co and ad will represent C^ 

to the same scale. Supposing, for instance, 
that W = 1'5 ton, and that ha is made 1’5 
inch, then it will be found that 

dh = 0’93 inch, ad — 0’93 inch, 
or 

Fig. 277. Fig. 278. Co = 0’93 ton, Cj = 0’93 ton. 

Further, ha represents the direction of W, and ad will give 
the direction of C^ and dh that of Co, as indicated by the arrow- 
heads in Fig. 277. Transferring these directions to Fig. 267 we 
see that the rods AD and BD are in compression. 

It is very important to observe that in Fig. 277 the arrows 
follow each other, as it were, in the same direction of rotation. 

Again, applying the theorem to Fig. 268, we obtain Fig. 278. 
As before, if 

W = 1‘5 ton, and 6a = 1'5 inch, 
we obtain rf6 = 0'93 inch, ac?= 0'93 inch, 

T2= 0'93 ton, Ti= 0‘93 ton. 

^ A proof of this theorem 'will he found in any work on Statics. 
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In this case tlio arrows follow each other in the re\crse 
direction of rotation ns compared with the previous case, and 
transferring to Fig 268 we find that the rods arc m tension 
Applying the theorem in succession to ligs 267 to 270 
and Figs 273 to 276, wc ohtam Iigs 279 286,^ and assuming 
in eacli case that M = 1 5 ton as before we find the stresses 
marked on the figures Ihe arrows showing the directions of tlie 
forces are also marked Tlio student is recommended to compare 
these results with the prehminar) remarks 

Tht theorem of the tt tangle of forces can be thus stated — 

If tlirco forces acting on a point are in eqnihbnnm then, if a 
triangle be drawn whose sides are parallel to the directions of the 
tlirco forces, the lengtli of the sides avill represent tlie magnitude 
of the forces, and the directions of the forces will follow each 
otlier round the triangle. 

Thus, taking a general case it b 0, 31 are three forces acting 
on the point I* as 111 1 ig 287, then big 288 will be tho tnanglo of 



Iig 287 Iig 283 ng 239 

forces , and if tlio magnitude of om, of tho forces bo known, that 
of the other two can be found 



Fig 290 lig 291 Fig 292 


Now supposing we replace the foico H (Fig 289) by two 
forces K and M, wliicli together ha\c the same effect as H (in 
other woids, H is the resultant of K and M), then the triangle eda 
(!ig 290) would be the triangle of forces for K M, and H 
(strictly H reiersed) so that we obtain the polygon alcd to repre 
sent the forces G, F, M, and K In the same way, if F were re 
placed by two forces N and 0 (Fig 291), we should obtain the 
polygon aeled (Fig 292), and so on 

1 Figi 279 286 See Plate I at end of volume 
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TMs result is called the '"polygon of forces,” and it can loe 
stated as follows : — 

If any nimiber of forces acting at a point are in equilibrium, 
then, if a polygon be drawn having its sides parallel to the forces, 
the sides of this polygon will represent or be proportional to the 
magnitude of the forces ; and the directions of the forces will 
follow each other in rotation round the polygon. 

Ill the case of the 23 olygon of forces it is only possible to find 
the magnitude of two of the forces when the magnitude of all 
the others is known. Thus in Fig. 290, if only the magnitude of 
G- were known, all that could be done would be to draw cd and 
the dnection of ccl, but the point d could not be fixed, as the 
magnitude of K is not known ; but if the magnitude of K is 
known, then d can be fixed, and drawing da and I)a we see 
that the magnitudes of M and F are found. 

The student is recommended to study the above very care- 
fully, as these results will be found of the utmost importance in 
the sequel. 

iS^ojne different forms of framed structures . — A framed structure 

is composed of a num- 
ber of bars jointed to- 
gether. It is usual to 
P assume that these joints 
are hinged, and offer 
therefore no resistance 
to the movement ot 
the bars. Such an as- 
sumption, unless pin 
- £ joints are used, is not 

true, but it errs on the 
side of safety. 

A The simplest frame 

yW i ^ triangle, as in Figs. 

A '< B ^^3 

m I p a frame is perfectly 

m. — >i<- .jo'o" m braced; that is, it is 

m Fig. 294. . IS 

not change its form. 

This being the case, the reactions and E,, can be fouud by the 

^ A very miimte change tahes i>lace in consequence of tl)e elongation and shorten- 
ing of the meinhers produced by the stresses, but this may practically be disregarded. 


Fig. 293. 


Fig. 294. 
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rule guenatp 18 for beams, nnd thus, tahing the numerical 
ihti gi\en in 1 ig 29^, wo find 

= 7 — "t cuts 

= x 7 = 2 cuts 

A frame composed of lour bars, as in lig 295, is, however, 

not perfectly braced, and d p 

would collapse under / |\ 

the action of the load n. y/ | p, 

W Ihit if an addi | y' | 

lioml bar bo added 

(lig 296), It will bo- Fig 295 

come pcrfv,ctlj braced p r 

A moment’s considera |V 

tion wdl show that this y^ ^ ?* 

additional bar, called a jy/ 

‘brace,” is in tension ^ — ' ” — — ■ — 

llio fnmo could also ljg'>9C 

ha\o been braced b) r* c r. 

adding a bar AC (lig ^ ^ 

297) ,w]iicli would, how- n, I 5* 

e\er, ha^e been in com- [ / I 
prcssioii Cj and Cj 

would then be unncccs- F»g 29 " 

sarj 

If the bars Al) and y^ PV 

CB arc equally inclined, „ y I I N. 

and another weight W t* y w w 'v | 

bo added at P (hig \/ \J 

298) , tlio Inmo '■ “ 

retain its shape, hut the ^ 

least dcMation would ■■ 

cause it to collapse, it ^ y 1 R 

IS, in fact, in unstablq t‘ y >v t* 

equilibrium, and practi- 1^^ .--“'*'^ ^ — --^| 

callj a brace w ould IiaN e * ^ 

to be added If only 

one brace is added, it must be capable of resisting both com- 
pression and tension, that is, a simple rod would not do , or two 
rods capable of resisting tension only may be added, as in Fig 299 
In this case the frame is otrr hraced, and it is possible, by draiving 
up the rods bj means of coupling screws, to introduce stresses in 
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Fig. 300. 


the frame in addition to those produced by the weight. In such 
a case the frame is said to he self-strained — a state of things 
which is of course to be avoided as much as possible. 

In Fig. 300 is shown 
a frame composed of 
five bars. If a brace 
EObe added (Fig. 301), 
the frame is still in- 
B completely braced, and 
another brace, either AC 
or EB, must be intro- 
duced. Figs. 302 and 
303 show different ways 
in which a five -sided 
frame could be perfectly 
braced, and Fig. 304 
shows the frame over- 
braced. 

From the above it 
will appear that to per- 
fectly brace a frame it 
must be divided up into 
triangles. 



Fig. 301. 



Fig. 302. 



Fig. 303. 



Fig. 304. 


Maxwell’s Diagrams. 

Eeturning to Fig. 294, 
p. 1 8 0, which is redrawn 
in outline in Fig. 305/ 
B and applying the triangle 
of forces to the joint A, 
we obtain the triangle 
shown in Fig. 306, and 
therefrom the stresses 
given. The triangle also 
shows that the bar CA 
is in compression, as re- 
presented by the arrow 


pointing toioards A, and that AB is in tension, as represented by 
the arrow pointing away from A. 


^ Figs. 305-311,’ See Plate II, at end of volume. 
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lor the joint li v,c obtain in the sirne manner the tnangle 
shown in lig 307 

And lastl}, at C we obtain the tnangle gi\cn m Fig 308, and 
VC see tint, ns should ho the case, the ^ nines obtained for Cj 
and Cj are the same as before 

Method ofdraiang a stress diagram * — ^Tlic nbo\ e three triangles 
can be combined together in one diagram, I jg 309,tliu3 Commence 
h) drawing the triangle for joint A We now lia\e Cj.nnd on this 
side of the triangle avc can draw the triangle for the joint C,as in Iig 
308, taking care to rc\cr3c the direction of Lastlj, the triangle 

for joint B can be drawn on Cj I ig 309, and if the diagram has 
been corrcctlj drawn, it will finish olT or ‘close" where it com- 
menced Such a diagram iscallcdns/rmor/orwrfmjrrtm.nnd is one 
of the methods of finding the stresses in a framed structure Tliese 
diagrams were onginallj proposed bj Professor Clerk Maxwell 

It will be noticed that in this example we could ha\e com- 
menced b) drawing tlie triangle for the joint C, and then obtain 
the other two triangles, thus finding the \ allies of B* and R. with- 
out preMous calculation, but it is not nlwnjs possible to do 
this, as w ill be seen bj the follow ing example — 

In lig 310, whicli IS an outline copj of Fig 297, but loaded 
with two weights W and W„if wewero to commence at the joint 
C we should haie four forces to dcalwitli namclj, the weightWj 
and the stresses in the three bars connected together at that joint 
Therefore, as already seen at p 180, wc cannot determine the 
stresses 1 Hiding howcicr, It* and R* as usual, we can draw the 
tnangle for joint B, as shown in Fig 3 1 1 Now proceeding to 
joint Owe form a poljgon and obtain the stresses C, and C^ 
Ihispoljgon is drawn bj rcxcrsingthc direction of C^ drawing 
■\VjXerticallj to scale, then drawing C, to meet C^ drawn parallel 
to their respectn c bars Taking D as the next joint, we find 
Cj and the polygon for the joint A can then he added 

This diagram could, howexer, ha\e been drawn by commenc 
mg at the joint D, without determining R* or R*. 

The student is recommended to sec what efibet altenng the 
X allies of IV and has on tlie shape of the diagram He will 
find, for instance, that when 17" = Wj then C3 = T and C^=0, 
or, again xvhen s= 0, then C, = 0 and Cj = 0, which is, more- 
ox er, evident on inspection 

* In Appendix XYI will be found more detailed rules for drawing a !Maxwell s 
diagram 
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The above method will he applied in the sequel to the 
determination of the stresses in roofs. 

Bow’s system of notation has not been used for the simple roof trusses here 
dealt with, but it is admirable for complicated structures. It is explained in Ap- 
pendix XVII. and used for the braced girdeis at p. 354. 

Method of Sections. 

We can now proceed to the consideration of the second method of de- 
termining the stresses in a framed structure. 

Imagine the frame shown in Fig. 312 cut in two parts along the line PP ; 
then, considering the left portion, it is clear that this portion could he kept 
in equilibrium by applying to each bar that is cut, a force of the same mag- 



nitude and direction as the stress existing in the bar before the section is made. 
Thus the forces W, Cg, Cg, and T, acting on the portion of the frame shown 
in Fig. 3 1 3, are in equilibrium. Hence the sum of the moments of these forces 
about any point is zero (see App. II.) How it is quite immaterial about which 
point moments ai’e taken. If, therefore, we wish to find Cg, u’e can select the 
point A, w'hich is the intersection of Cg and T (the other two unknown force.s), 
and so we obtain an equation containing Cg in terms of W, and the perpen- 
dicular distances from A on to the directions of Cg and W, which are called the 
lever ax’ms (K,^ does not appear in the equation, as it also passes through A). 

If I (see Fig. 313) is the lever arm for W, then VR is the’ moment of W ; 
and if \ is the lever arm for Cg, Zj^Cg is the moment of Cg — the sign being 
negative, because Og tends to turn the portion of the frame in what we have 
assumed to be the negative direction (see p. 26 ). 

Hence IW - IjCg = 0, 

or = 

h 

I and h could be found by calculation, when the dimensions of the frame 
are known, but the process is rather complicated, and, moreover, they can be 
obtained gi'aphically very simply and rapidly, and with sufficient accuracy for 
all practical purposes, by drcncing perpendiculars from A (which can be called 
the “turning point”) to the directions of W and Cg, and measuring the 
lengths of these perpendiculars to the same scale that the drawing -of the 
frame is made to. Can-jing this out in the present example we find (Fig. 3 1 4) 

/ = 6'70 feet, /j = 3*93 feet, 
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mill <ron*c<iuciitlT 


« 70 
3 jn 




1 7 W 


To fuiil T V.C t’xVo tttoiwttt*! nVml Uk? 1), tUo julcr-ccliou of 
Cj nml C. Mcvunii^ tlic Ip\er Ann^ «*• fn«l * 

-05T-83W + 1M{.«0 

Iltnrc 

T =1 r.RU, -0 87 \S' 

Anil la*th, to run! C\ w«* imi«l ]>ro<lucc T nml to niPit nt 0 i.ri„' 315), 
anil ilroppm^ l‘cq>cniln.«lir« from O «n to llic ilirtiliotM of \V nnd oc fuitl 
-Q7^^^ in3W-12GK. = 0 

JIlIlCc 



Fir 3 H Iir 313 


TIih mctlioil j« callcil llic Mcthoil of ‘'octions nml >% n niiKliRcation of tint 
OTiRinall) proi'o^'l 1*) l‘rof<.»"or llnukint In tlie prv'-int form \t nv, tt 
bthttcil, orift'itnU) fii^g«.stf<l li) I'rofi.*^^ Ilutir* 

Ilcrc roil JImioD or Sixriosn. — Thu nutlioil cm Ijo stated ns 
follon-s •— 

Sc.^t^t!lCPt^tlctur<‘Jn ttto]«rts1)} moms of nn uinRinirv lino ^which nciil 
not K a strniglit line), cutting t/^nwtiWf through lliroi haw of the structun. 
S?cloLt one of the parti", nml npplj to the ecacixd ends of the bars forces ctpnl 
m nngniluile and direction to the $tnF*Kis in tho«c bars. Tins part of the 
Ftructun. Mill then lx; m iquilibuiiiii To find the stress in an} one of the 
fccscrtd bars, take inoineiits nboiil the point of intersection of the other Uo 
Bars An efpntum \m 11 thus be obtainwl containing the unknown stress it 
IS required to find, any loads that niaj be acting on the part of structure 
ftlectcd, aii} reaction that laaj be acting on it, imd the lea or arms of the 
a arums forces inaohed 

Tlie following tonus arc used in connection with this method, and are 
tabulated as follow s — 

Turning jtoint is the point nlioiit arhich moments are taken, and is generally 
the intersection of two of the unknown stresses 

Lner arm of a force is the perpendicular distance from the turning point 


* It will be observed that the forces applied to the ends of the several rods in 
3131 3141 aad 315 are all tensions Hence clearly tensions ore posgn-e but 

compressions are ntgalive, if the forces are tlius drawn 

* See Iron Bridges and Boo/s, by Professor Ritter, translated by Lieut II R 
Sankey, It E 
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to tlie direction of the force. Practically these lever arms are obtained 
graphically. 

It was mentioned above that the section shonld if possible be taken 
through three bars. This is not always j)Ossible, and the method must then 
be slightly modified. 

The above is only an outline of the method, which is a very powerful 
one. The student is referred to Professor Ritter’s work above mentioned, 
where he will find the method very fuUy described. 

We have now considered two methods of determining the 
stresses in a braced structure, and it will be found that in some 
cases the first, and in other cases the second method, gives the 
result in the quickest and simplest manner. It is better to use 
Maxwell’s diagrams when the stresses in all the bars of a frame 
have to be found, and Eitter’s method when the stress on one 
only is required. 

It should be observed that both methods require a drawing 
to scale of the structure, and to obtain accurate results this draw- 
ing should be made to as large a scale as possible. 

We now proceed to apply these methods to some simple cases 
of framed structures. 



CitAmi: X. 


BRACED OR OPEN WEBBED GIRDERS. 


*ORACI-I) or ojHJU wcWkhI pinlcra nre imicli n«e<l in cngmcering 
vork«, Ijnl im\c only n ItmiUMl oj»plicalion in bnildmg con- 
flniclion. It will tlicmforc only Ik* m.'cc^'^.iry to cousnlcr one or 
two pimple ca«e<. Mort'over, the genetnl thcorj’ of these girders 
is difllailt, mid bc\ontl the 5 co|kj of this hook. 


Qlfdflrt— A terv mtul form of hracctl ginlcr is ibown m F>y 


A tf *’« tf> it. ti. o, rt, rf. n 




316, And haiiim nre givfn to th^ difTrrcnt jvirts as folloirs ^ 

AH is llic nmjTfttxcn b>v>m or fljugp. 

Ojgn,, is the Initwn lioom or Itaiige. 

cailol Vrarrs, niid ore tension hnccs 
or eojnprx'SMon bn«s occonlmg to the stn-ss in them 
ay flj, etc., Arc the aptrrt. 

A moJificJtion of tins ginltr would be obtained by turning it upside 


/\/\/\/\/\/\/\/\/\/\ 

Rr. 317. 


down, ns in Fig. 317, sshen the nAture of the strews in the diagonnls is 
of cour«e rescrs«L These forms of bniccsl ginlcrs ore known ns Wnrn.u 
girders. 


|XXXXXXXXX>^ 

Fig. 316. 

Lattice airder.-~-Fig. 318 shows another form of girder, s\hich is called 
n lattice girder. Vertical braces nro added at the ends, and arc called end 
pillars. 
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It is most usual to incline tlie Ijraces of a Warren girder at 60° and 
those of a lattice girder at 45°. 

nr Girder.i — ^Fig. 3 1 9 shows another form of braced girder, called the 
N girder. In tliis the upright braces are called verticals. 


■ 

B 

B 

8 

H 

H 

H 

B 


m 

A A 

Fig. 319. 
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Fig. 320. 


iV (braced) girder , — Sometimes additional braces are added, as in Fig. 320 ; 
but, as explained at p. 181, the girder is then over-braced and niaj^ be self- 
strained, so that these braces should not be added unless the girder is subject 
to a moving load, and then only to a certain number of baj's next the centre, 
depending on the proportion of the moving load to the weight of the girder. 

Application of tho Load. — The load is supposed to be concentrated at 
the apices, either at the top or at the bottom ; occasionally, but unusually, 
at both top and bottom. To do this, arrangements must be made to transmit 
the load to the apices by means of secondaiy bearers. The weight of the 
braces and booms can also be considered as applied at the apices, and x>radi- 
cally the weight of the girder can be taken as uniformly distributed. 

ProiJortion between span and depth of girder . — As iii former 
cases, the deptli of the girder must he sufficient for stiffness, and 
it is found that a ratio of about gives the best results. The 
exact depth must be arranged so as to get an exact number of 
triangles, and will therefore depend on the angle of inclination 
chosen for the braces. 


Stresses in Warren Girder. 

Example 38. — We will take as an example the girder shown in Fig. . 
321 supporting loads of Wj^, Wg, Wg, etc., tons on the upper apices. 


or 



To find the number of triangles we have, d being the depth, 

= tan 60°= 

, 2 d 


^ Also called WTiipple-Ahurphy girder. 
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If « 13 number of tnan^lef, 

2(f 

«(Aaj) = '«p'ins= 12({«n 

vliciicc n=10 4 

Therefore ten tmngles^ill do, nndiiill giie a depth rather greater than 
iV 6hoi%n in the figuru 



To find the stres^t'', tahe a section and select the left portion of the 
girder for calculation (Tig 323) We mil adopt the following notation — 
the compn.««Jon m the bar of the top boom 
the stress in the brace 

Tj 3 the tension in the bar njjOn of the lower boom 
n, the distance between the apices 


Ami similarlj for the other bar« 

To find the stress we must take moments about Oj^ 
obtain the equation 


+d X j -W^ X 5 - W3X ^ - \\,x ^ j X ^ + 


and we thus 



bupposing that 

Wj«W*«\\3= *W^, = •\^, 

a-) IS most nsuallj the case, then 

R, = 4 5\\, 

and 

4'2dxC^5-a{W+3W + 0W + 7W-9x45W) = 0 
Or +2dxC^5+24 5'\V xn = 0, 

nml Cj5=-»45n^ 

X(l I 

But — = cotan 60* = —7= 

«i \I2 

24 o 

Therefore C4 7='\\ 

V3 

1 he — sign shows that 5 is in compression 

Again, to find Tjj we must take moments about n^, and we obtain 
- d X Tjg - W3 X ft - Wg X 2o - Wj X 3 b 4- X 4a — 0 
As before, when the apices are equally loaded, we get 

-dxTi3j4-«(W + 2W+3W-4x4 5xI\0 = 0 
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That isj 

^ 24W 

13 * 14 - d d 

24 

According to the rule, to find we ought 
to take moments about the intersection of a.a, 

4 o 

and cii^cCi^- But tliese lines do not meet, or, in 
other words, their intersection is at infinity. All 
the lever arms would therefore be infinite. Although 
the result can be obtained by following the rule, it 
is simpler in this case to resolve vertically (see Appen- 
dix II.) the forces acting on the portion of the girder 
shown in Fig. 322. It will be observed that both 
and have no resolved part vertically, since 
they are both horizontal, and that the resolved part of 

is 

X sin 60°, 


Hence 


- - W4 - W3 - W. - W, -f E, = 0. 

Or, if the apices are equally loaded, 

w 


In the same manner the stresses in all the 
other bars can be found. These have been worked 
out, and are marked on Fig. 323. 

In the above example the loads are supposed 
to be applied to the upper apices. If they were 
applied to the lower apices, the stresses would be 
slightly modified. The student is recommended 
to re-work the example with the loads applied to 
the lower apices. 


Stresses in 'Wliipple-Murpliy Girder. 

Example 39. — Find the stresses in the girder 
.shown in Fig. 324, the lower apices being loaded 
with 3‘0 tons each. 

To find the stresses in the bars ag«4, 
and take an oblique section along the line 

00, as shown in Fig. 325. 

The stress in can be found by taking 

moments about thus (the depth being 4 feet) — 

4-403,4-4 X 3*0- 8 X 3-0 -H2X 13-5 = 0, 


* 
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^Micncc Cj^ss —31*5 ton«. 

is tlierefore in compression 
To find Tjj,| 2. moments about Oj, 

-4T„,j 2 -4x30-3x30+12x135-0, 

+31*5 tons, 

so that tension. 



Fig. 321. 



The stress m the vertical OjOj, can be found bj resolving vertically, 
thus— 

-Vjjj - 30-30 + 135 = 0, 

Vj jj= + / 5 tons. 

Another section must be taken to find the stress in the brace Oatijj, as 
shown in Fig 326. 

Resolving ^e^tlcally, 

Bgjjxcos 45* + 135-30-3 0=0, 

Bj jl = — 7 6 X yfiy 
B3 jj= - 10 6 tons 

To find the stresses in the bars and aj,Oj(,, we c.an take a section 



192 


NOTES ON BUILDING CONSTRUCTION 



cutting throngli only two Lars (Fig. 327).< — ^ 
Resolving vertically, 

cos 45° + 13-5 = 0, 
or = — 13-5 X \/ 2, 

= — 19-1 tons. 

To find we can take moments ^ 

about any point in for instance, about 

P, whose distance from Uq is c, then 

- X c sin 45° + 13-5 x c cos 45° = 0. 

But sin 45° = cos 45°, ^ 


But sin 45 = cos 45 , 

so that '^0.10 ~ +13-5 tons. 

The stresses B^j^^ and Tq^jq can also be 
found ver}"- simjdy, bj'^ diagram, as shown in 
Fig. 328. 




Fig. 328. 



85,1* 

j 


\ 

\ 

\ . ^ 


- R 

1 

<3 tons. 


Fig. 329. 

It ndll be observed that a straight section 
taken to obtain the stress in will cut 

through four bars, but by taking a circular sec- 
tion, as shown in Fig. 329, we need only cut 
through three bars, and by resolving vertically 
we obtain at once 

^5,14= +3 tons, 

a result which is self-evidently correct. 

The stresses in the remaining bars of the 
girder can be obtained in precisely the same 
manner to the abo\-e, and as an exercise the 
student is recommended to carry out the cal- 
culations for each bar and check the results 
he obtains by those given in Fig. 330. He is 
also advised to find the stresses when the 
girder is turned upside do\vn, as shown in 
Fig. 331- <— 
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(UspRAi. KiMVik*? — It IS to 1 m 5 noticed tint in Loth tlio 
nbo\e e\r\inple.s oil the top homoiitnl bsrs arc m compression, 
and all tho Icnur honroiital bits iii tension Turtlicr, all the 
Lracc'i slojiin'; do^Ml^^an.l3 n^\ay from tlic centre are in com- 
pression, and all the Lncea sloping donnunixls to^^nrds tho centre 
111 the 'Warren gmlcr and the \crticils m the AVhipple-JIurph) 
girder, supiKirtcd ns in 1 ig 330, arc m tension Iho stress in 
l>oth top and loucr booms is greatest at the centre, and graduall} 
diimnislics towards the ends, the stress 111 the braces is least at 
the centre, and incrcaces towanls the cnd'» 

1 ho student is recommended to compare carcfiill) these stresses 
witli tJia'C in a idate gmlcr 

Dimonaiona of tho varloua bara. — ^Tiio stresses being obtained, 
the dimensions of tho \anoiis bars can bo found ns explained 111 
Chap VI 

Tor tbc small bnced gmlers used in building con'Jtniclion, 
the Ijooms arc gencnlly made of horizontal plates n\tled to- 
gether ns in plate gmlers, and connected b) L irons with a 
\crtical Aveb phto, to which the braee*s are secured The ties 
are gcncrall) made of ilat bar iron, and the stmts of L, T, or 
U iron 


Short practical Formula for all open wobbod Girders. 


The strcs.'ics tn the jhn^cs mny pmcticall} be taken as m 
a phte girder 

Applying this to Hxamplc 38, p 188, for a plate girdei (uni- 
formlj loaded) wc lm\e from I>]iinliuiis 15 and 89 


3b = — M«r,Aft=DA 
Iff* 

>cu= and C,= , 


/•r 

in Example 38 , d^— , 


_3V (lOa)" 


n/3’ 


25aW 
s/3 ’ 


nW hercesW in Example 38, 
x/3 


BC — 1\ 
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vrliicli is practically near enough to the result in Example 38, viz. • 
24-5W 


Vs 

Tim stress on any bar is equal to the shearing stress at the 
point multiplied by the cosecant of the angle of inclination of the 
bar to the horizontal, and divided by the number of triangulations. 
Thus in Example 3 8 the shearing stress at = — W4 — Wg 
_ Wo - Wj + = - 4W + 4-5 W = -5 W. 

By above rule the stress in B4,j4=:*5W cosecant 60° 

" Vs’ 

•which agrees ■with the result by the other method (see j)- 190). 

In vertical bars (the cosecant of 90° being 1) the stress is equal 
to the shearing stress at the point (see Vs, 12, p. 191). 


Graphic Method. 

Figs. 1 and 2, Plate C, show Example 38 worked out by a j\Iax- 
well’s diagram, and Figs. 3 and 4 show the same for Example 39. 

In Example 38, 2 tons per upper apex has been assumed 
as the load. The notation is by Bow’s method, which is explained 
in Appendix XA^II. 

By measuring the different lines of the diagrams on the scales 
given it will be seen that the stresses found graphically agree 
with those found by calculation. 

Tlie thick lines denote compressions, the thin lines tensions. 

Iiattico Kirdors may be calculated by the method given for Warren girders at 
]). ISS, or by the gnijihic method. 

A se^iaratc calculation or diagram should be made for each triangulation. 

nowstring Girders have a curved upjicr flange or low, avhich for an uniformly 
distributed load .should theoretically bo a parabola, but is jiractieall}' made an arc 
of a circle (sco p. 3-1) ; the lower flange or siring is horizontal. 

For an uniformly di.stributcd dead lo.ad only vertical bars are required, .siisjicnding 
the string (on which is the load) from the bow. 

Where /=:sj>an, ir = weight of bow and load per unit of length, d = dcj)th of 
cjinlcr at centre, = distance between the vertical Lars. 

The liorhontnl thrust (T) throughout bow = tcnsion in string=g-^^. 

Tlic comprrs..ion along the bow at any point distant v horizontally from tli" 
re!itie=: Vir^a“ + T-. 

I'li bow at .‘i{)ringing = T x.ece.mt of angle of tangent of l>ow at this point 
vith hfiri.'ont.al. 

Tousioii on ca''h vertical bar=niic. 

.stress on the .string and verticals is uniform, that o!i tin- bov<' 
v.rri- , imb." Irom S to F2 jkt cent, so that the bans and jdates may be of uniform 
diim !)Moi)s. j\< till' girder c.an be made of a depth equal to ’ its .'•]>''.n, the h> et;e!;s 
of the thug. 5 V ill b-' light and ceomunical in comparison with thoM'ofsli.allowi rgifh r • 

P..JV. -tti:!g ginh-rs .arc very f cldotu used in voniiectiun with building' and U'- d 
r.ot he further d*, >crihf d. 



CHAPTrit XI 


TRUSSED BEAMS 

S L^T^AL kinds of trussed beams vcrc desenbed in I’ait I nnd 
it will be noticed tlvat Uic cowslruction of these bc'iuis is 
simple, the calcnlntious to obtsm llie stresses nccuntcl) nrc hon- 
c\(.r,diflicult,nndbc)ondlhc8coi>eof these Xote-s It is clear llmt 
the beam itself l>cars a certain proi>orlion of the load, and the 
trussing makes up tlic difTtrcncc Ihe part borne b} the beam 
depends on the conipanlisc Btiflncss of the beam and of tlic 
trussing, and tins aancs with the ttin|)cralnro, which affects the 
length of the tic rods Moreover, the beam is not lu a emiplc 
state of bending stress, but is also subject to direct coinfrc«sion 
an«ing from the trussing, and liable at anj time to altcnlion bj 
tightening or slacl cning the nuts of tlic tic rods Those con 
bidcrations w lU show that the accurate calculations are compli 
cated and pmcticall) useless ns (hej would have to be based on 
assumptions winch might at nnj Umc cease to be correct. 

It 13 thertforL usual in practice to assuiuc tiiat the beam docs 
not bear nil) of the load 
dj a learn, and this os 
sumption amounts to tlio 
same thing ns to suppose 
that the beam is jointed 
at the point or points 
where the struts are con 
ncctcd to it Ilius the 
trussed beam shown m 333 

lig 332 IS assumed to be jointed ns in Tig 333 This assump 
tion clearl) errs on the safe side, and makes n rough allowance 
for the compression produced in the beam b) the tension in the 
tie-rod 

With this assumption there is no difficulty in finding the 
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stresses by either of the' methods given in the imeceding chapter. 
For instance, employing Maxwell’s diagrams it will be seen that 
Fig. 3 3 4 is the diagram of the stresses in the trussed beam shown 

in Fig. 332. 

'a Having thus obtained the 
stresses, the dimensions of the 
various parts can be found as ex- 
plained in Chaps. III. and VI. 
Trussed beams of the form 
shown in Fig. 335 are, as explained at p. 181 , incompletely braced, 
and are therefore unsuitable if the load is not uniformly distri- 




Fig. 335. 

buted. Fig. 336 shows the change of form which would tahe 
place if the beam were jointed and one point only were loaded ; 



this figure exhibits, therefore, the tendency when the beam is con- 
tinuous, although the stiffness of the beam controls the deforma- 
tion. For uniform loads, however, such beams are suitable, as the 
stiffness of the beam would be quite sufficient to counteract any 
small unevenness in the load that might occur. 

Example 40, — Design a trassed beam 1 8 feet span to carry a load of 8 
cwts. per foot run. 

The first step is to find how many struts to employ. If we place one 
strut at the centre, the beam will be divided into two portions of 9 feet eacb, 
and there will be a load of 9 x 8 = 72 cwts. on each of these portions. 
Considering each portion as a beam loaded uniformly and si^pportccl at both 
ends, it will be found on referring to Tables II. and III. that for strength 
6 " X 9" deep, and for stiffness x 1 1" deep, is required. If, therefore, timber 

X 1 1, or its equivalent in section, is available, one central strut will be sulfi- 
cient, and the trussed beam would be of the shape shown in Fig. 332, "We 
will, however, suppose that timbers of this section are not obtainable ; it will 
therefore be necessary to use more than one strut. If two struts are used, as 
shoum in Fig. 335 , the total .span will be divided into three portions of C 
feet each, and if each of these portions is looked upon as a beam uniformly 
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loiilc<l find supported at both end®, it Mill be found that for strength and for 
SlifTiie's a beam 1" x 7" deep is ne^cd "\Vc Mill decide on this section 
The depth of the trussing inu«t next be fixctl If it 1« made deep, the 
ftrc«cs Mill be much reduced, but in min} eases n deep trussing is incon- 
\enicnt Anile applicable m genenl cases is to mike tlie depth of the 
Irusamg from centre of beam to lie rod about of the spin In the present 




ca«e, therefore, a depth of 1' C' would do Tcrwrell, so tint the stmts Mill 
lie r 2* long Fig 337 shows the trussed beam in outline 

DitlnhvUon 0/ the I —We nnv consider tint half the load on AC and 
half the load on CD is concentrated at C , that is, the load at C is 
4(C X 8 + C X 6) = 48 ewts 

The remaining half of the load on AC is transmitted direct to the point 
of support, and it ihcrtforc does not affect the stre«.sc5 in the trus«mg At 
1) there mil clearly 1>c the same load is at C, hence the reactions R* and 
II, are each equal to 48 cuts 

We Mill non find the stresses both b} the method of sections and by 
Clerk MixmcU diagram 

Strenses d\ SItrtttoo of Sfchons — T o find the stresses in AE and CE 
. tike the section shown in Fig 338 ind for the 

I P stress m AE tike moments about C 
„ - 1 44T, + C X 48 = 0, 

T.= -5^® = 200c«t.. 

-lu/jot y V = + 10 tons 

To find the stress in CE take moments 
Fig 338 about A- 

+ Cx48 + CxCj = 0, 

C, = - 48 CM ts , 

= -24 tons. 

The stress in EF can be found bj taking the section shown m Fig 339, 
ami taking moments about C, then o c, 

-1 5xT2 + 6x 48 = 0, P '' t 


= 9 G Ions. ^ 

The stress in IB will clearly be equal o 

to that in AE, and the stress in DF to that in CE We do not require 
the direct compression in AC, CD, or DB for the approximate method Me are 
employing 
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Stkkssks by CLERic-]\lAXwr:riri Diagraji. — Oonuncncing fit llic abutment 
A Avc obtain the triangle f<jh (Fig. 340), from wliich we find 10 tons as 
before. Proceeding to E we obtain the triangle 1:1m (Fig. 34 1)1 from which 
we obtain 

T2 = 0-G tons, 

Cj = 2‘4 tons. 



Having obtained the stresses, tlie diameter of the tie-rod can be found ns 
/>/ 



explained in Example 13, and is given in Fig. 335. The stress in the stmts 
is so small that no calculation of dimensions is needed. 

If however we now cany the investigation a step further, and consider 
the horizontal timber beam as a strut resisting the compression caused by 
the tie-rods, we shall find the section of 4" x 7", found sufficient as a beam, 
inadequate as a strut, unless the truss ivere so supported laterally as to be 
incapable of flexure sideways. For we have compression in CD = tension in 
EF = 192 cwts. on 28 sq. in. = G'85 cwt. per sq. in, on a strut in which (see 
216 " 

Table VI.) R = -j7r-= 54 and = 0'58 only. If we now increase the section 

216 

to 9" X 9", we shall then have R = -— = 24, rp = 2'75 and the compressive 

y 


stress = 


192 


= 2-3 cwt. per sq, in. 



ClUPTER XII 


ROOFS 

‘ly/TA'NrY different kinds of roofs were described m Parts I and 
11 and 1 nblos of the dimensions used m practice were gi\ cn 
Cases ilia), lioucNcr, occur in which the conditions are different 
from tho«c nssnincd in these lablcs and it tlien becomes neccssarj 
to find tlio strokes m the Mnoiis members of the roof and there 
from deduce the dimensions 

Iho general method of finding the stresses in roofs wilt 
tlicrcfore be desenbod m an elementar) manner and will bo 
iUu«tratcd bj examples 

Loads to bo borno by Hoofs 
Hoofs are subject to sc\CTnl kinds of loads but these loads can 
bo dossed under two heads— 

1 PERstANEvr Loins — Tlieso consist of the weight of the 
roof truss itself of the purlins rafters and roof coxenng, 
ficqucntlj aI«o the weight of a ceiling has to be borne b) n loof 
and sometimes the weight of n laiitcni 

Tlic weight of the truss itself must bo estimated much m the 
same nay as the weight of a gitder, hut there does not appear to 
be anj formula a\ailablc corresponding to tint of Unwins for 
girders Table XII however gi\e3 the information required for 
seicrol different kinds of roofs and even in a special case the 
weight required can bo deduced therefrom with sufficient accuracy 
for practical purposes care being taken in large structures to 
check the assumed weight by that deduced from the completed 
design modifying the dimensions if found necessar} 

The weights of purlins rafters roof covering etc are also 
gn en in Tables XII and XIII 

The use of theac Tables will be better shown when working 
out the examples 
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2. Occasional Loads. — The occasional loads consist of the 
weight of snow and of the wmd pressure. 

Sinow . — The weight of snow a roof is likely to have to hear 
depends on the locality in which it is to he erected, and at best 
only an approximate estimate can he given. It is usual to assume 
in England that a roof of very flat j)itch may have a depth of 6 
inches of snow on it, and the deiith will of course diminish as the 
pitch increases. It can he further assumed that the weight of a 
cubic foot of snow varies from 5-^ to 11 lbs., according to tlie 
amount of consolidation, so that an allowance of 5 lbs. per square 
foot of horizontal surface covered by the roof is ample. 

Wind jJrcssurc . — The wind pressure is more difficult to allow 
for, and the experimental data on the subject are at present very 
deficient. It is, in fact, only since the Tay Bridge disaster that 
English engineers have inquired at all closely into the subject, and 
the estimated allowance to be made for wind pressure has varied 
very considerably. In Unwin’s Iro7i Bridf/cs and Hoofs, liowever, 
although published long before tlie Ta)’’ Bridge disaster’, the subject 
is treated at some length, and tire following is principally derived 
from that work. 

Assume that the wind blows horizontally. ‘When it meets the inclined 
surface of a roof it will produce a pressure, normal (f.e. perpendicular) to the 
surface of the roof, and there will al.'so be a force exerted alomj the surface of 
tlie roof. Now as air is almost a perfect fluid, this force along the surface of 
the roof will be extromeh- minute and can be neglected. Therefore we can 
.'•tate that the Avind pressure acts perpendicularly to the surface of the I'oof. 

Let P be the horizontal wind pressure per square foot, that is, P is the 
force exerted by the wind on a A'ertical surface one square foot in area, and 
let P„ be the pre.«sure normal to the .'lurface of the roof per square foot, 
then according to IIutton’.s experiments 

P„ = P(sin . . . . (hO), 

where i is the angle of pitch of the roof. 

Amnunl of v-iml preesure to Ic colculutfd for.- — As regards the amIuc to h'"' 
given to P, the data at our disj)o=al arc not so numerous or so trii‘'! worthy 
as might be wi-hed ; the genenil jiractice, however, is to give P .<-01110 value 
between -JO and OO lbs. per square foot.* I'or onlinary roofs, unh'.=s in position ‘ 
of o.vcoptional erqio-ure, 50 Ib^. per square foot will be siidicient to talcc. 

Table XIV. i.s derived from Equation 00, which it must be 
reineiiibered i.s only empirical, on (he a.'^sunijition tliat B— dO lb*, 
per .square foot. 
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in n^ft tjittial ihojtt — Itm'O occtw jn laTpoTOofsof Bwicnl sliapo tint 
the «ind j ri-»5 ire prodiicra (tij) comi rcsston in some niemlcr of the roof, in which 
ti c i>cnnniicnt loa I a« 1 the snon j roilare teuMon or *■ « rrrsit In such a cnso tho 
\ cipht of tho snow actuilh aaiists the tueuhcr in question, hut as the maximum 
1 ID I prewure ma) occur when there m no snon on the roof this assistance from 
tl 0 81 o« shoul I not Ix! rcchonc I on * licnci. the stresses clue (1) to the permanent 
1 n 1 (2) to tl f snow, (3) to tl e win i pressure shoul 1 be determine 1 separately and 
that roml inati uofM) (2) nnd (3>which | rodaces the greatest stress in any mcmlier 
must lx* a lot tel in designing it llotrever, iti the comparotircly small roofs used 
inordinary fuillmg ronstniction sneh as those illustrate I in 1 arts I and 11, the 
wmd \ revw re does not rcrerso the stresses tn any of the members. 

•SVjrws i» orr?t?mry tofi/o — In these it is onl) necessary to 
olitaiii tlie stre^'es jiroiiuced — 

(1) lit tho jKrnnnent load ftiid the snow combined (2) b} 
the ttind ]irc«snrL, nnd from ti consideration of these stresses the 
ina'cimum strc'^s to he home b) each member enn be found, ns \m 1! 
bo shoun m tlic «cqucl 

Irtdgold ftssuincd that thcttind prcssnie acted aerticallj nnd 
unifomih oter llic uliole surf tee of the roof Snich nii nssnmp 
tion IS clcarl} erroneous net ertheksa tlic scantlings gnen on his 
authority in tho Tables, Paits I and 11 , arc dependent on this 
assumption llic lighter scanlliiiga for uooden roofs given in 
Parts I and IT, and in Table W, were obtained on tlio assump- 
tion that the wind jircssuro acts pcrpcndicularlj to tho surface of 
tho roof, and onl> on one side, and arc recommended for use 

Distribution of tho Iioads 

The weight of tho roof covering of the snow, and of tho wind 
pressure is borne m the first instance bj tho common rafters nnd 
b} them transmitted to tho purlins Taking a simple case, in 
which tliere is onlj one purlin on each sido of the roof, cacli 
common rafter w ill bo suppotted in the centre hy the puiliu^ at 
the top hj the ridge piece and at tho bottom by the vvnll plate 
If the rafter is continuous, nnd tlicsc three points are accuiatchj m 
a straiglit line it can bo shown (see Appendix XI) that ^ths of tho 
load on the rafter will be supported hj tho purlin, y^tlis by the 
ridge piece and ■j-'Vths hy the wall plate If, however, the three 
points of support are not in a straight line, this distnbutiou 
would be changed Supposing tho laftcra were not continuous 
but (as It were) jointed just over the jmrlin then clearly tlie dis 

* “ It IS suggested tl at except perhaps in aery cold climates, the snow need not 
be const Icrcd at all Since long before eucIi a win 1 force as 50 lbs i cr foot square 
could take efTect upon a roof alj tlie enow would have been blown off it — W ray , 
Instruction la ConsCruelion (Seddon) 
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tribution would be as follows : — ^lialf the load on the purlin, 
quarter on the ridge piece, and quarter on the wall plate. This 
latter distribution causes greater stresses in the roof, and it will 
therefore be better to accept it, Now let a, b, c (Tig, 342) be three 



purlins (and we will suppose, as is 
usually the case, that ah = he and that 
w is the load ^ on the portion ah of 
the rafter and also on the portion he), 
then, if the rafter is ^considered to be 
jointed over each purlin, half the 


load on the portion ah 



will be 


transmitted to the purlin b, and half the load on the portion he 



will be transmitted to the same purlin. 


On the whole. 


therefore, the purlin h will have a load = xo transmitted to it from 
the rafter in question. Applying this to the case where there are 



two iDurlins on each side of a roof, as shown in Tig. 343, the two 
purlins will each support a load xo and the ridge piece and wall 

XV 

plate -g- 


The total load on a purlin will be that due to the sum of - the 
loads transmitted by all the common rafters supported by that 
purlin. Pieferring back to Tig. 342 it will be seen that purlin 

^ The loads are shown acting vertically, but the argument holds equally for the 
wind pressure. 
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h supports the load on n stnp of the roof — 5 — wide, nnd e\ 

tending the ^^holc length of tlio purlin, that is, from one truss 
supporting the purlin to the ne\t Tins is indicated in lig 344 
Iho purlins transmit the load to the principal tniss and, 
looking upon the purlin ns a beam supported at each end, half 
the load on the purlin will be borne bj each truss supporting it 



Pjg 311 Fig 315 


Thus, referring to Tig 345, at each point where a purlin is fixed 
to the principal rafter of the truss there will bo a load 
= i load on purlin AU + ^ load on purlin BC, 
that IS the load duo to the hatched portion of the roof Iig 345 
Usually the trusses are equidistant In such a case the 
load at every point of tlio principal rafter where n purlin is fixed 
IS equal to the load on a strip of the roof equal to 

distance apart of purlins x distance apart of trusses 


So far wo have tacitly assumed tint the purlins are placed 


immediately over the joints of 
the truss ns shown in Fig 346 
Sometimes, hov\e\er, smaller pur 
Itns arc used, and they are dis 
tnbuted along the principal rafter 
as showTi in Fig 347 In such 
a case we can consider dh as a 
beam supported at h, and Ic ns 
another beam supported also at 
h, so that half the load on each 
of these beams will be transmitted 
to the joint at h Tlie load on 
the joint at h will therefore be 
the same ns if there were only 
one purlin at h Tlie above 



refers strictly only to the loads due to roof cov enng rafters and 
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purlins, wind and snow. The weight of the truss itself should 
strictly be considered as applied at cdl the joints, but it is 
sufficiently accurate to consider this part of the load as applied 
to the same joints (ic. the upper joints) as the other loads. 

In every case, therefore, the load acting on a joint of the 
principal rafter (and in almost every case these are the only joints 
that have to be considered as loaded) is the load on a strip of 
roof whose width extends half-way from the joint in question to 
the joints on either side of it, and whose length is the distance 
between the trusses. 

Example 41. — To take a numerical example, let it be required to find the 
loads on the joints of the iron roof shown in Fig. 348, the trusses being 
supposed to be 10 feet apart. 

Permanent Load and Snow. — First as regards the permanent load and the 
snow, we want to know the load per square foot of roof surface. 

Eeferring to Table XIII. we find 

Per square foot of roof surface. 

Eoof covering (countess slates) . . 8 lbs. 

Slate boarding (I" thick) . . . ' 3'5 „ 

11 '5 lbs. 


From Table XII. 

Common rafters and purlins 
Principal 

Snow .... 


Per square foot of covered area. 

2'0 lbs. 

• 3-5 „ 


10-5 lbs. 



Fig. 348. 



This last part of the load must be reduced to the load per square foot of 
roof surface. Eeferring to Fig. 349 it will be seen that it is the load on 
1 X 1'15 square foot of roof surface, so that this part of the load i.s, per 
square foot of roof surface. 


10-5 

r-— = 9T lbs. 
I'lo 


Therefore the total load 2)er square foot due to joermnnont load and snow 

= 11-5 4-9-1 ==20-6 lbs. 

The load at joint A is due to a strip of roof 5 feet wide as indicated by the 
arrows in Fig. 348, and 10 feet long, but as this load is supported directly 
by the abutment, it does not cause any stresses in the roof, and need not 
therefore be considered. 
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Tlie load on joint D is due to a stnp of roof £> + 6 = 10 feet wide lij 10 
feet long Hence loid at D 

= 10>cl0x20C = 20G0 IK, 

= 0 02 ton 

The load nt C la due to two strips, cadi 6 fectx 10 feet, po that the load at 
C IS the panic as nt D 

Clearh the laid nt E is nl'O the pninc 

7(xt 1 d»<* to n t?id— >iext, to find the loail due to tin. nind Supposing 
tint the Mind is hloning from left to right, then the left side onh of the 
roof Mill Inac nnj wind prc'siirc to Kar A-* alreadj lucntioncil, the 
diractinn of the wind pressure is lahcti nirnial to the surface of the roof, 
and fitm Tnlilc XIV wo sec that for a pitch of 30* the wind pn.«3uia. to K 
allow cd for is 33 0 lb* jkt pijtiarc fo« t 

The laad nt joint A is due, as htforc, to a strip of roof 5 x 10, so that 
the load equals 

5x 10x33=1050 IK, 

= 073 ton 

The load nt joint D is 

10x10x33 = 3300 Ihs., 

= 1-10 ton 

An 1 the laad nt joint C is 

5x lOx J3=1G50 lb*., 

= 073 ton 

The load on nin roof can Ic found m a similar manner 

Hoactions at tho Abutments 

As regards tlio permanent load and tlio snow, the reactions nt 
the alnitmcnts can bo found ns explained nt p 23 (r\nmplo 3) 
Ihe reactions due to the wind pressure cannot, hoareaer, be 
found in so simple a lunnncr 
I et ] ig 350 represent a roof 
(the nrrangemento! tlio bracing, 
being immaterial, is omitted), 
then, regarding the roof ns a 
*he total aaind pressure 

aidercd as concentrateal nt D, the centre point of 
roof 

can bo replaced hy taao forces — one a vertical 
ac other a honzontol force, The reaction nt 
can also be replaced b) taao foices, one aertical 
orizontal ns shoaau in the figure 
can be found at once, as being the reactions due 
ad Pv and a horizontal load Py thus if d is the 
int D above the abutments 

v.-^xP,-ixr.-jp,-dxP, 
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and similarly 




As regards and Hj,, however, all we can say is, that 

H,+ H, = P, . . . (91), 

hut we cannot, from the conditions of equilibrium, determine the 
value of or H 3 . 

This will he easily understood by considering that, if the 
support B were quite smooth, and therefore unable to ofTer an}*^ 
horizontal resistance, the supjiort A would have to furnish all 
the horizontal reaction. We must therefore endeavour to find 

some other condition to determine 
the relative values of and 
or else make some assumption. iNow 
in the case of wooden roofs a fair 
assumption to make would be, that 
each abutment will just afford suffi- 
cient horizontal reaction to make 
the total reaction parallel to the normal wind pressure, as is 
shown in Pig. 351 . In this case 

R3(w -f n) = Pj; X m, 

= ■ • (92), 

ni -f n 



and 


= . , (93). 

m -f n 

And ni and n can be found by measurement. 

In iron roofs, however, tlie case is rather different. To pro- 
vided for the expansion and contraction due to variations of 
temperature, one end of the roof is fixed and the other end left 
free to move ; and so to enable this end to moim freely it is 
usual in large roofs to xilace steel rollers under the shoe. 

In small roofs, where the shoe at the free end simply rests 
on a stone template, the horizontal resistance of the free end 
cannot exceed the frictional resistance. Now the coefficient of 
friction for iron upon stone can be taken at about 0’45, and to 
find tlie resistance to friction we liave only to multiply tbe 
vertical pressure by this number, so that, supposing B to be the 
free end, we have, if A',, is the vertical reaction due to the wind 
pressure, roof covering, roof truss, and snow, 

H„=0-4oT^„ . . . (94). 
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nnd tins is the greatest ^ aluc !!„ cm have, and 11^ = Pj, — 0 doV^, 
so tint, knowing ir„, wq cm easily find II^ The assumption 
made in the ca^o of wooden roofs is therefore only tenable in the 
COSO of small iron roofs, so long ns it docs not require a greater 
\alue of than the abo\e 

Xow , for ordinarj pitches, the assumption tint the reactions arc 
parallel to the wind pressure holds good, nnd equations 92 and 93 
are applicable, but for high pitches it docs not hold good 

Let w? inquire nf tc/wit pitch the change tales jlace Fi^’ 352 is the 
outline of a roof, tlic rcnc 
lions at the nbutments being 
I* parallel to P, It ivill be 
seen that the inelmation of 
It, to V, is a, the angle of 
pitcli licnee Fig 353 

R, cos a = V,, 

al»o It. «n « = n. 

Results which are also cvulcnt from the tmnglo of forces, Fig 353 
But by taking moments about A, 

iP, oScos^axR, 

Hence 





Fig 352 


H,. 


P- nn a 


P, 

4 CDS a 


_ . — , and V, ' 

4 cos *0 ■ 

Kott if L denote the permanent load, 

Y t ^ 

•“ 4 COS 0 ''’ 2 

Therefore the maximum saluc of II„ from equation 94, 

= 045 ( 3 — ^ + «). 

\4 COS o 2 / ’ 

and the salue of a required can be obtained from tlie equation 

P-Bina / P L\ 

4 cos a \4 cos a 2 / 

It uill be seen tint a depends on L, ami it smU be found on trial tint 
for \ erj light roof coverings (such as zinc) a = 36', and for hea\ y roof co\ er 
ingB, such os in Fxamplc 41, 0 = 45' 

■When an iron roof expands bj an increase of temperature, the 
abutments will resist the expansion by exerting horizontal forces 
and Ag, which w ill bo equal 
and opposite to eacli other , but 
as soon as these forces exceed Y* 
the frictional resistance of the 
free end, that end will begin to P'S 354 Fnett^> 

mote Now supposing that a strong wind is blowing from right 
to left, whilst the roof is expandmg, the wind causes a horizontal 
reaction and the increase of temperature a horizontal reaction 
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in the opposite direction, as shown in Tig. 354 . Supposing, as 
may well hapj)en, that 

then clearly there will be no horizontal reaction at the abutment 
B, or, in other words, abutment A wdl have to supply the whole 
of the horizontal reaction, that is 

+ = 

A similar case may occur when the wmd is blowing from left 



to right, and the roof is at 
the same time contracting ; 
then, as in Big. 355 , if 

Hg 7/j5, 


we have 


+ =Ph> 

and the horizontal reaction at the free end will be zero. 


Cases to be Considered. 

Beviewing what has been said with regard to small iron roofs, 
supported on substantial abutments and with the free end not 
resting on rollers, it will be seen that there are four cases to be 
considered, as follows : — 

The free end being on the right. 

''Eeactions parallel to normal wind press- 
ure for pitches from 36° to 45°, ac- 
Case 1 . Wind on left J cording to the roof covering, or hori- 

Case 2. Wind on right ' zontal reaction at free end equal to 

frictional resistance for pitches above 
45°. 


Case 3. Wind on left 1 .tt ■ . , n n 

n A Ttr- j • 1 1 . r Horizontal reaction at free end zero. 

Case 4. Wind on right J 

It will be necessary to find the stresses in each case, and then 
pick out the maximum stresses to wliich the various bars may be 
subjected. 

On tlie other hand, in large iron roofs, where the free end of 
the trusses are supported on rollers, or, again, in small iron rools 
hamiig one end supported by a column, which can offer little or 
no horizontal resistance, the horizontal reaction at the free end 
can be taken as zero. In such roofs, therefore, only two cases 
need be considered, namely — 


Case 1. Wind on left 
Case 2. Wind on right J 


Horizontal reaction at free 


end zero. 
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■\Ve lia\e now shown howto find the loads and reactions 
acting on roof trusses, and the next step is to show how the 
stresses can be obtained Tins we proceed to do by means of a 
numerical example 

Stresses m an Iron Boof Truss 
Methods of andiDg tho Stresses — ^Thc stresses enn be found either by 
the method of sections or bj the graphic method (Clerk Maxwell diagrams) 
If the stresses in all the bars are required, then the latter method will be the 
better one to u^e , but if it is onl> required to find the stresses m one or 
Iw 0 of the btirs, then the method of sections will give the result, as a rule, 
more quicUj As an illuslntion, however, the stresses will be found by 
both methods, by the graphic method Leloa, and by the method of sections 
in Appendix Will 

Example 42 — bind the stresses iii the iron roof truss shown in Tig 
373, p 216, and 356,^ Plate III, ossmning the followang data — 

Sjaii 40 feet. 

Distance apart of trusses 8 feet 
Purlins placed over joints of trw'o 
Koof covering — Countess slates on boarding 
Pitch 21 or \ span. 

Rue of tie-rod of span 

Stresses dob to Permanent Load A^D Snow 
PrehmiiinnM —To find the permanent load and snou on the roof v e refer 
to Table \III , m hence 

Per square foot of roof snrfltce 

Roof covering and boarding 1 0 5 Ib^ 

Per square foot of enrered area 

Common riftcrs and purlins 2 0 lbs 

Principal 3 5,, 

Snou 5 0 „ 

10 5 lbs 

Or 10 6 X = I nearly per square foot of roof surface 

Hence total load per square foot of roof turface 

= 105 + 97«202 lbB 
Now the length of pnncipal rafter is 

^/20^ + (*^)", 

= 21 6 feet nearly 

Hence the loads are (see p 203) at joint D 
21 S 

— ^ X 8 X 20 2 = 1745 lbs , 

= 0 78 ton 

And joints C and E will be loaded to the same amount 
The reactions at A and B will be each equal to 
5x078 = 1 17 ton 

‘bigs 356359 See Plate III at end of volume 


BC — 1\ 
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Referring to Equations 92 and 93, p 206, and to Figs 360 and 361, v 
tliat ^ 

B.-— P. 

* 40 •’ 

28 4 

X 1 92 = 1 36 ton, 


Rb=-^>« 1 92 = 0 56 ton 


The external forces due to the wnd from the left are therefore as she 
Fjg 361 2 

MaxxidVi — Commencing at joint A ue find tuo external f 

R^ and , no, houeier, these tuo forces are acting in exactly op; 
directions, u e need only plot their difference, namely — 

I 3G -0 48 = 0 88 ton 

TVe thus ohtain the triangle h6c, uluch gi\es us and (Fig 362) 
Proceeding nou to joint D ue get the quadrilateral cade, m uhi 
represents P„ and is drawn to scale equal to 0 96 ton 

For joint F we obtain the quadrilateral beef This quadrilateral la 
shown separately in Fig 363 

Next takingjomt C wc get the fiic-sided figure /cdg'/i (see also Fig ^ 
Then proceeding to joint Ewe get the straight line gh as the dia; 
Tina shows that Sj,= S,, and = 0 

For joint Owe obtain the triangle fhb, and not a quadrilateral, 
S„ = 0 This triangle will be a check on tlie accuracy of the draw in, 
the diagram ought to close at k 

Lastly for joint Bwe get the triangle bhg, end we haae thus obtame 
stresses in all the bars They can be measured to scale on the diagram 
aro then inserted m Table H , p 213 

Case 2 Jf'vid on nght Reactions parallel to normol tcind pressure 
moment’s consideration of Fig 365 will show that this case is exactl 



opposite of Case 1, and we can immediately write doivn the values ol 
aarious external forces, as has been done in the figure, and it is fu 
nianifestlj unnecessary to go through the calculations for the stres'e^, i 
can deduce them from those obtained under Ca'C 1 Thus the stress 11 
in the present case will be equal to the stress in DC in Case 1, and 6( 
Column 4 has thus been filled in in Table H 

Ca=e 3 (p 208) TFtnd on left Reaction at free end lertical — In till' 

^ n _ 28 4 
OT+» ~ 40 

® Figs. 361 364 See Plate IV at end of volume 
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(Fig. 366) it is a little more difficult to find the values of and Il„, because 
the external forces acting on the roof are not parallel to each other, and we 



A 


Fig. 366. 


know neither the direction nor the magnitude of R^. Now when three forces 
acting on a body are in equilibrium, their directions meet in a point, ^ so that, 
as we know the direction of P^, and R„, we can find the direction of R^ by 
joining A with the point of intersection of P„ and R„. But with flat roofs, 
as in the roof under consideration, this intersection is a long way below the 
roof, and the intersection is acute, and therefore cannot be obtained with 
great accuracy. 

In such a case, therefore, a better way is to find the value of R,^, which 
can be done by taking moments about A. We obtain 



b 

Fig. 367. 


+ 10-8xP,,-40xR„ = 0, 
10-8 X 1-92 

= TTx - = 0-52 ton. 

“ 40 


Now draw ah (Fig. 367) parallel to P,, and measure along 
it 1-92 ton to scale; next be parallel to R„, and measure 
along it 0'52 ton a to scale ; then ac will be the direction of 
R,^ and we also find by measuring ac that 

R^= 1’45 ton. 

We can therefore now proceed to find the stresses. 


Maxwell's Diagrams. — Commencing at joint A (Fig. 368)2 -wefind two exter- 



nal forces, P^ and R^. Let ad parallel 
to P^ and ac parallel to R^ represent 
these forces (Fig. 369), then adec is the 
complete diagram for joint A. 

It will be found that the remainder 
of the diagram for the roof can be 
drawn as in Case 2 ; the description is 
not therefore repeated, but the diagram 
is-^ven in Fig. 369. 

.Case 4. Wind on right. Reaction at 
free md vertical. — In this case we can 
obtain the reactions very simply by dia- 
gram. Thus produce P,^ and R„ to 
meet at K (Fig. 370) and join AK; then 


t 

Fig. 370. 


AK is the direction of R,^ (see Fig. 367). • 
Now, plotting Ka to scale to represent 


^ This can he easily proved by taking moments about the intersection of two of 
the forees. The moments of these two forces will be nothing, but for equilibrium 
the sum of the moments of three forces is nothing, therefore clearly the moments of 
the third force about this point must be nothing ; that is, its direction must pass 
through the point, or, in other words, the three forces meet' in a point. 

- Figs. 368, 369. See Plate V. at end of volume. 
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T*, {I 02 Ion), ntnl «lraum„' ni panllcl to «c olitam tlie triangle of forces 
for the three forces l’„ ll„ nntl Itj,tan(l hj lucasurcment ne find 
11^ t- 0 87 Ion, 

R. <» 1 26 ton 

As n check, taking moments uhont A, nc Iiaac 

- JOxR. +20 3x 1 02 = 0, 

II, = 1 26 toil 

.Ifaxire/fi Diafjramt —rig 37 1 * shonn tht loads for this case, and the corre 
fjwfifhfig diagram is gnen in Tig 372, and the f(res«cs obtained (herefrom 
are entered m Tnhle II 


TAnctaioN 01 Stresses 

^\c hate thus ohlamcd the strcs«ea in the aarioiis member? of the roof 
nrnler tarions conditions TIuse «tres?es must noir lie tabulated, so that are 
inaa be able to pick out the matitmim strc'S to a\ Inch each member of the 
roof truss may l« suljocttd This has been done in Table II below, and 
the f'tnsso*) that art. to be added together, to oblnm the inaMinum stress, nrc 
iriiiltal m Italics Tlie pcacnth ctdiimn gnes the maximum Btreves, and it 
arill Iw fccn that the maximum i>lre-s to In. I>omc bj corresponding members 
on either ride of the roof is not quite the «ame This is due to the fact that 
one tnd of the roof lru«.s is fixed and the other end is frtc to move lint as 
lliC'C dilTcrcnces arc aerj «mall, and it nould be practicallj unniso, atnnj 
rate in >0 small a roof tru«.«, to make corresponding members on cither side 
of different fcaullings, (iie«c iliffcrenccs will be ipiorcd and the ecanthngs 
Mill bo calcuhtc<l to meet the Btrc««es guen m column 8 

It should 1)0 iiotico<l nlv) that the stress m the principal rafter is greater 
in the loner part than m the upper part , hut, m a small roof truss like the 
one under consideration, no diirercncc would practically be made m the 
scantlingof the principal from A to C In column 6, therefore, the stress m (he 
upper part of the principal rafter has been put equal to that m the lower part 

TABLE II 


ComprcsJioM* - TVnjionj + - 


Rtresw* 

2. 

n«tit 1 xid 

Uinl 

Mavi iium 

in he ased 
In ralcii 
ktins 
sealit 
llnfTH. 

RMCtfnni inniki 

llrartf fire end 
venical 

On left. 

On right 

S 

On left 

On risht 

S.D 

-4 4<> 

-3*27 

-1 89 

-33S 

-1 C2 

-7 83 

-7 83 

S 4 , 

4-4 IC 

+ 3 33 

+ 1 57 

+3 67 ^ +0 83 

+ ?83 

■*7 83 

s„ 

~0 73 

-0 98 

0 00 

-0 06 i 0 00 

-1 69 

-1 69 


- 4 IG 

-3 28 

-1 89 

-3 33 

-1 G2 

-7 49 

-7 83 


+ i 03 

+ 2 17 

+0 32 

+SS0 

+ 0 16 

+ 4 13 

+ 4 13 

S,o 

+23{ 

+ 1 30 

+ I 31 

+1S4 

+ 0 60 

+ 3 88 

+ 3 88 

Sen 

+ ID3 

+ 0 32 

+r n 

+ 0 38 

+ 2 02 

+ 4 10 

+ 4 IS 

Sq 

-413 

-1 89 

-3SS 

-1 98 

-3 0 

-7 44 

-7 83 

^a. 

-0 7S 

0 00 

-093 

0-00 

-0 96 

-1 

-1 69 

Su 

■^4 IG 

+ 1 57 

+SSS 

+ 1 88 

+ 2 70 

+ 7 54 

+ 7 83 

S„ 

-445 

-1 90 

-3S7 

-1*98 

-3 00 

-7 72 

-7 S3 


’figs 37t» 372_ See Plate V at end of volume 
* See p 185 Slanj writers take compressions as + and tensions as - 
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Calculation of the Scantlings. 

Having obtained tlie stresses in the various members of the roof truss tbe 
next step is to decide on the form, and to calculate the scantlings of the vari- 
ous members, so that they may he able to safelij resist these stresses. 

Suitable forms, such as are used in practice, have been described in 
Parts I. and II., and the student is therefore referred back for information 
on that part of the subject. 

As regards the calculations of the different members and joints, several 
examples have already been -worked out in Chap. VI. of this Part, and the 
student is specially referred to Examples 13, 19, 20, 26, 26ff., 27, and 28. 

The roof truss can now be considered as completely designed, and the 
result is given in Fig. 373. The same truss is shown in Fig. 374, when the 
purlins are distributed along the length of the principal rafter, in which 
case the principal rafter is increased in section but no alteration is made in 
the other members of the truss. 

The calculations to find the size op the pkincipal kafter in the 
CASE where a number OP small purlins are distributed along its 


length would be as follows : — 

lYe must first find the load on the principal. 

The permanent load and 

snow consists of 

Eoof covering and boarding 

Per square foot of roof surface. 

. 10-5 

• 

Per square foot covered. 

Purlins ..... 

1-5 

Snow ..... 

5-0 

Or 



6-5 

= 6 lbs. per square foot of roof surface. 
Total=10-5-f6==16-5 lbs. 

Tills load is vertical and must be resolved perpendicularly to the principal 
by multiplying by cos 2lf° thus — 

16-5 NCOS 2lf° = 15 lbs. 

The normal wind pressure is 25 lbs. per square foot (see Table XIV,), so 
that the total load per square foot is 

15 + 25=40 lbs. 

Hence total load on one half of the principal rafter is 

Distance 
Length, apart of 
trus.ses. 

40 X 10-8 X 8 = 3456 lbs., 

= 1*54 ton. 

This load produces a bending stress in the principal, the compressive 
element of which must be added to the direct compression. The moment of 
ilexure is wl~ _Nl x 10-8 x 12 

8 ’ 

= 25 inch-tons, 

whether we consider the principal as jointed at the strut, in which case 
the lower half of it is a beam supported at both ends, or whether we suppose 
it to be continuous over the strut, when the lower half is a beam supported 
at one end and fixed at the other. 




Fig 37< 
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We must now assume some section of T iron, and see if it is strong 
enougli. Assume, for instance, a section 4" x 5^" x tlie table being 4" 
wide. 

According to tbe rule given in Appendix IV. the distance of the centre of 
gravity from the edge of the table is 

4 X 1 + 5 X 3 


x = 


4 + 5 


= 1 ‘8 inch nearly. 


And according to Appendix XIV. the moment of inertia about an axis passing 
through the centre of gravity is 

I = 1 { 4 (1 -83 - 1 -33) + 1. (1 -33 + 3-73)}, 

= 13-65. 


Treating •principal as jointed . — Hence the greatest compression due to 
bending (at the edge of the table), on the supposition that the lower half of 
the principal is supported at both ends. 

25x1*8 . _ 

From Equation 53 r„ = —Y-= 13-65 ' = tons per square mch. 

The direct compression produces a stress per square inch (see note below) 
7*83 7*83 , ^ ^ 

area (4 + 5) * 

Hence total maximum compression 

= 3‘3 + 1*7 = 5 tons per square inch. 

Practically this section would do. 

Treating principal as continued. — If, however, the principal is considered 
as continuous over the strut, and is supposed to be supported at one end and 
fixed at the other, the maximum compression due to bending at the edge of 
the stem becomes 


25 X (5-5 - 1*8) 
13-65 


= 6-8 tons. 


So that on this supposition the section is too small. 

Next, try a section 3" x 51", the table being 1" thick and the stem 
It will be found that the distance of the CH from the edge of the stem is 
3"-29, and that 1= 15-9. Hence maximum compression (at edge of stem) 


25 X 3*29 
1A9 


= 5*17 tons. 


And the total compression is 

5-17 + 1*49 = 6-66 tons. 


This section is therefore apparently too small, on the supposition that 
the principal is continuous over the strut. This supposition, however, re- 
quires that the three 
points A, D, and 0 
shall remain in a straight 
line, but the maximum 
compression occurs in 
the principal AC when 
the wind is blowing from the left, and this wind j^ressure bends the roof as 
shown in Eig. 375 in a very exaggerated manner, and it is evident that this 
bending of the principal will considerabl3'' relieve the compressive stress on 
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the ftem of the T iron, fo thit it can he taken tint this section is quite 
strong enough 

—It I a« lx«n **«nfnr.| tJ nt tl * Ufi^t fo ntirwlon U nnifnnnlr dl^trilj! twi ovtr tbo eross 
»«l n cf tl 1* T io'i' Tl <• df rtfcll n luc t ll e ImrIbatM Ina I ten is I oweter to liirrra*n the 
Intrni tj- < r tl e stress towaola tl » 1 f the talle Tl e Increvse Is lowesrr small If for 

Inslarci* ll • Irf/^tlnn wrr»* i" lie m nent of fleauiT Ine t tie Ilrcct comprcsslfin would be 
* S3x0 j“S V Inch tons wild w ull cause with * T Iron J* a inixlmum compression of 

jI ton per square Inel to Ij* aldetl to tl a IT ton alreaJf foun I 

Dingrama for various Hoof Truasos 
In Tigs 376-395 * dmgnm^ for diflorcnt kinds of roof 
tnts«C 3 arc given, witli the hope that thoj nn> be of assist 
niicc to (he student It is strougl} recommended tint, as an 
exercise, some sjnn be as- 
sumed, and tlmt tlic stresses 
be obtained bj following 
tbc^c dngnnis , tbc results 
obtained being occnsioimll} 
checked bj tlie method of 
moments. 

In these diagrams onl) 
one case for the umd 
prcssuro has been shown, 
since the other cases pro 
duco vet} simihr dtngnms 

It fhouhl be oheervetl lliU 
the dngnm for the roof tru's 
tihowii m Tig 392 cannot he 
•Iniun h> the alK)%e nictho«I 
alone, hccau«c cither at the 
points E or the fitrcv'cs in 
three of the bars an. uijknowji 
But the 8trc«s m MV can easily 
he found hj tiking a section cui 
shouumrig 396ibrpernjancnt • ggyj 

load and finow , and m Fig 397 * 

f r wind The value thus found for S„ can then be inserted, and the 
diagram conq leted 

WOODEN ROOFS 

It xs not Morili whtle (0 gxxt examples of the calculations for 
timhcr ? oofs These can very seldom he necessary, and, if ? cquxred, 
uould le similar to those for iron “ioofs 

Talks of Scantlings for IFooden Roofs are given in Table A V 
p 340 , and in Paris I and II 

I See Plates V I , MI \ III , I\ and \ , at end of volume 
* lor Figs 398430 see \ppendix W III 




Chapter XIIL 


STABILITY OF BRICKWORK AND MASONRY 

STRUCTURES. 


I T is proposed in the follov^dng chapter to show, in an elementary 
manner, how the dimensions for various kinds of hrickwork 
and masonry structures can be calculated. 

The mortar with which the stones or bricks of a wall are 
bedded assists the wall by its resistance to tension ; but, on the 
other hand, the resistance to compression of mortar being less than 
that of stone or brick, it reduces the resistance to crushing of the 
wall. On the whole, the effect of tlie mortar is to increase the 
strength of the wall as regards overturning. 

In important structure.s, however, the tenacity of the mortar is 
not taken into account, because settlements are liable to occur 
which may dislocate the joints, and such walls are treated as if 
built up of uncemented blocks. 

We will first consider the following problem. 


s 

e 

R* 


Kl 


Single Block. — A rectangular Hock is sui^ported by a flat surface, and 
is pressed against it by an inclined force E (Fig. 43 1 ). Find in wliat manner 

tbe pressure between the block and the 
flat surface is distributed. 

It wiU be observed on looking at the 
plan that, for simplicity, the force F is 
assumed to act in the central vertical plane 
of the block, and is supposed to include the 
weight of the block. 

The point 0, where the direction of the 
force intersects the supporting surface, is 
Fig. 431. called the centre of fressure. 

Now F may be resolved into two components — one perpendicular to the 
supporting surface or joint, and the other parallel to it. Y and X are these 
components. The component X tends to make the block slide along the 
surface and is resisted by the friction ; but at present we are not concerned 
with this part of the question. 
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The normnl coini>oncnt V I8 the one tint cui«c? the iressurca between 
llic block ftinl tlie suffice 

Since C n not in the centre of OH it is clc-ir thnt thc’c i>rc«'mres Mill 
not l)c imifornih <h»lribHl«l, but n>IJ l«.prci!erloMinls i'\r tlnn ton nr Is PD 

In the fir^t phcc, tmcc OH is mnlttni Klnccn AH nn I FD, nn I C lies 
on GIF, the pnssurc nt nil ]>omts of nn> line KL iln«ji | -vrslkl to AE mil 
be the same, nml then f iro n c cm tike the | rc^mres nh n^ OH to rej re«uit 
the pn.s un.s oicr the whole eurfirc of the joint 

becondlj, On the supjK>«ilion tint the joint is i\ jerftet one (nnl m n 
masonrr tlrnctinx the pnnciiwl function 
of the mortar is to make the joint pne 
ticallj perfect), we can fsj that the 
irc'Miro nhn{’ GII diminnhcs him / nxlj 
fr in 0 lowanlsll The jre»‘'urpa nlon,^ 

GII maa therefore l«c npro«cnlo<l l»\ a 
tnanple GMO ns shown m 1 ig 432, so 
tint the pn.*<urc p nt nnj point V is 
gnen ba the onhnak YN, nn I this tr 
dinate Mill fll<o ^iii the j n***irc nt nin K Fiff 432 

point on KVIi G Ik 43*) 

/ \rti lict 0 Ijc sitnatctl between O nti I H this means that there is no 
ire««ure on the joint from 0 to If 

^o^^ the 8)«tcm of 1 amllcl forces ncling o\er the wliole joint nn 1 reprt 
lenfrf bi the triangle GMO haac n tcsuUaiit K flclitip through the centre of 
gnaits of the triangle, tin \ for c<imlil rium It must be c jual and opposite to 
1 1 that is 

rt-\ 

Again, R IS reprtsentfl b) Iht area of the tnangk G3IO, and is equal to 
the areax AE. lint is 

ll = 2^xGOxAb «=V 



Therefore MOc— 

GO X A1 

But since y pai'cs thro«„h thecentreofg'mitj of the triangle GMO we has e 
GO=:3GC, 

anl for 310 we can write 

and since Y, GC, an I AE arc knoim, P4oux.) ® found 

Example 43 — As a numerical example let 
Y =* 4 tons, 

GC=0 5 foot, 

AE = 1 foot, 

then p . - — - — 

Praai-l 3 0 5x1 

=s 5 3 tons per tqxiare foot 

Second Let O and If coincide, as m Fig 433 In, this cose we hare 
GC=J QH, 

and this IS the condition winch must exist in order tliat the pressure may 
just vanish at II, or more strictly along DB 
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Let GH = 3 feet, and tlie remaining data be as before, then 

o 



Now if C were situated at the middle point of GH, the pressure would clearly 
be uniformly distributed over the joint, and its intensity would be 

Y , 

^ GH X AE 


from which Ave see that Avhen the centre of pressure is so situated that the 
pressure vanishes along one edge of the joint, then the pressure along the 
opposite edge of the joint will be double Avhat it would have been had the 
centre of pressure been at the middle point. This is an important result, and 
should be carefully remembered.^ 

Thus far we have not considered the horizontal component X of the force 
F. This component is balanced by the resistance to friction of the joint so 
long as slipping does not occur. Now the resistance to friction is 

/xY, 

where /x is called the coefficient of' friction, and is simply a number (ahvays 
less than 1) depending on the nature of the surfaces. Thus for stone against 
stone 

/x = 0-7. 

If, however, in a masonry or brickwork joint the strength of the mortar 
is taken into account, the resistance opposed to X will be the resistance to 
shearing of the joint. In practice, hoAvever, it is not usual to take account of 
the strength of the mortar. It will be observed that the horizontal compon- 
ent X and its effect on the joint are independent of the position of the centre 
of pressure. 

Uncemented Block Steuctuees. — If we consider any masonry 
or brickwork structure, suck as a retaining wall for earth or water, 
a boundary wall or an arch, we see that such a structure can be 
dissected as it were into a series of blocks separated by joints, 
such as the one we have just been considering. There will be a 
resultant external force acting at each joint through the centre of 
pressure of the joint, and this force will be resisted by the com- 
pressions (and tensions in some cases) acting over the surface of 
the joint. 


^ See Appendix XIX. 
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Dcf — The. line joining the centres of piessnio is C'llled the 
' line of pressures/’ or “i^Ioselcj’s line of resistance’ 

llmsmrig 434, leprescnting aportion of an nich the broken 
lincflkdf/ IS Mosclej’s lino 
of resistance, <r, h c, rf, c, and 
/being the centres of press- 
ure at the rcspcctiM, joints 

Conditions o/ Slahlit^ 

I i^oi xmpoilant strife- 
turcs, or for structures tlie 
failure of uhich might lead 
to serious consequences, 
such as loss of life 

(fi) Ko portion of aiij 
joint should be brought into 
tension Itcferring to 1 ig 433 p 220 , wo see tint to coiiionn to 
this condition, the centre of piessmc must not bo nearer the edge 
ofanj joint than one-third the \Mdth of the joint (GH), or 111 other 
^^ords, Moselcj s line of resistance must ho ^^Jthm tlie middle tlnrd 
of the structure ^ 

(6) The inteusit) of picssuic should nowhere exceed what 
the mateiial is capable of safely resisting 

lhat is,p(,n„) must not exceed the safe lesistance to crushing 
or cracking of the material and mortar (sec Table Ia) 

(c) The resistance to sliding must be greater than the 
horizontal component of the external force at each joint ^ 

II Jhr univiportant structures (such as boundarj walls) 

(ft) Tile intensity of pressure should nowhere exceed uiiat 
the material or mortar is capable of safely resisting 

{e) The intensity of tension should nowhere exceed what the 
mortar can resist 

{/) The safe resistance to sheanng of any jomt must be 
greater than the horizontal component of the resultant external 
force acting at the joint 

These conditions Mill now be applied to some luunencal 
examples 

^ Tlie middle 1 alf is sometimes taken for unimportant structures as in Example 
51 1 254 The middle third should he taken for all important arches as in the 
Example Appendix XX 

2 See p 248 
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Brick Pier. 


Example 44. — Find wlietlier a brick pier 14 incbes , square and 8 
feet liigli can resist a tlirust of 3 cwts. inclined at an angle of 55° and 
applied at tbe top of the pier, as sliown in Fig. 435 . If tlie pier is not 
strong enough, find rvhat additional thickness of brickwork 
s^c-vts. is required, and how high it ought to be carried up. The 
tenacitj'^ of the mortar not to be taken into account. 

Preliminaries. — We will assume that one cubic foot of 



brickwork weighs 1 cwt. The 

O 

will therefore be 


total weight 


of the 


pier 


„ 14x14 

8 X rw X 


1 = 11 


cwts. nearly, 

centre of gravity of the 


12 X 12 

and acts vertically through the 
pier, which is easily found. 

The direction of the weight W intersects that of the 
force P in the point A, and these are the only two external 
forces acting on the pier. Their resultant can be found 
in the usual way by means of the triangle Xhc. 

To find the centre of 2^rcssure, produce Ab to intersect 
the plane of the base of the pier. It will be observed 
that this point falls outside the actual base of the pier, 
and, since the tenacity of the mortar is not to be taken 
into account, it follows that the pier is not strong enough 
to withstand the pressure of 3 cwts.^ 

It will therefore be necessarj’" to increase the thickness 
of the pier. Suppose the thickness is increased to 18 
inchcis, which would appear to be about what is required, as the centre of 
pressure will be brought nearer to the wall owing to the additional weight, 



' Till' .stciii-iit \\in hIm) oliserve wli.-it a very .small thrust is .sufiicient to overturn 
.1 I'iiT of the givt II tlimeii.sioiis. 



STAiuui >' or iinrcKu orrK A^^D masonry 


then the fir^t qnc^tjon is ]iov\ fir uj» is it in,ci««ar} to luihe the pier this 
extn tlnchiK«s. 

hut KIj — - \fl n tMi?, the lnc^e^«c^l Ihichtic's commences 3 feet 

from iht loji of the jner, then it m««l 1 >c ru«ccrtimc{l vhether the joint KL 
III the point of clnnj.' is sift (1 436 ) The oxtcrnil forces acting on the 

niper ihreo feet nn. tin, tlmi«t of 3 cwls, iml the vcight of the portion of the 
pier V.h ttcting ihrongh its centre of gmutt Dctcniiining the re 5 iiltnnt of 
then, tno forces in tin. n«nil \m), il "ill l»c seen tint its direction passes 
icrj near to K, so that the j*Qrtion hL of the pier "oulil he on the point of 
oiertimnnp 

>'cxt tri if inCTei'iiiR the ihithncss of the pier 2 C from the top "ill 
do Cirrring ont the fime fonstniclion ns In-fort, "c find that the centre 
of pressure no" lies O'i inch \rithtn the «Ige Kj 

— We must now fiinl the maximum jnlcn«itj of compression, that 
riit icrticil crmiwncnt (V) of the toll! pressure on the joint K^Lj 
can I-e found 1 1 ilropping a j crjicndicnlir l»t on to S(f llic direction of \\ 
(Fn:. 437)» and it is thus found hv i»ci«uremenl tint 
y = & 85 cwt“ 

Iftucc aiphing riiuilion 05 we Imc 
^ ^ b ~0^ ~ x T t ® 

And since p , can wfelj he ns much os 0 5 cwt per squire inch (Table I \.) 
there 18 no fear of cru»hinp, nn»l condition (4) is (htreforc fulfilled 

Widuip— As rvginls condition (c), the force lemhnp to ciu'o sliding is 
the horizontal component of tin. thrust of 3 cuts. Bj measurcintnt as ahoit, 
It u found tint 

T c"t 

Tlie rcs!‘'tanco to sliding is found by mnUipljing the icrtical component 
{Y) of llie pressure on the joint bj the cocfTicicnt of resistance * to sliding, 
"Inch can be tilen at 0 47 lienee the resistance to sliding n 
0 47 X 5 85 « 2 7 c"ts, 



* 0 47 IS the CO efBcicnt of fnction for masonry and brickwork with wet mortar 
(see Table Xt A.) 
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so tlial llie joint is safe against sliding.^ Finally, therefore, it is safe to 
commence thickening the pier at 2' 6" from the top. 

Joint OIL — It remains to he seen -wliether tlie conditions (b) and (c) arc 
fulfilled at joint GjH, Fig. 438. "We have now to consider the portion LjGj 
of the pier. The external ibrees acting oji this portion of the pier are the 
resultant pressure acting on joint KjLj, the value of which is found hy 
measurement from Fig. 437 to he 6T cwls., and the weight of the portion 
LjGj of the pier, namely 9'6 cwts., acting through the centre of gravity of that 
portion, as shown in -Fig. 438. 

The centre of pressure of joint GjH is found to be quite close to Gj, so 
that the pier is still not thick enough at the bottom. We have therefore 
to find how far below the joint K,Lj the thickness of 18 inches can be 
carried. Assume that it is carried down 4' G" below KjL^ to joint (Fig. 
439), then, proceeding as before, the centre of pressure of joint MN is found 
to be 0‘3 inches within the edge M, and from Equation 95, p. 219, 

« 13-7 

iWx.) - - X 3^0.3^ 14, 

= 2T8 cwt. per square inch. 

Crushing . — The maximum intensitj’’ of compression is therefore more than 
the safe intensity, and consequently MN must be taken nearer to say at 

MjNj, 3' 6" below (Fig. 440). We then find 

« 11*9 

3x0-9x14’ 


= 0-63 cwts, per square inch. 



^ According to Kankine, there is no danger of sliding if the angle S (Fig. 437) 
between the normal to the bed joint and the direction of the resultant pressure is less 
than from 25° to 36° the angle of repose of fresh masonry. In this case, the angle at 
S is only 16°. 



CHIMNEY 


Bolow KjLj, tlicrcforc, tlio pier must again be thicbened to the next brick 
(Iiincn«ion«, that to 23 mclic’. 

I oiKst } ortion of pier — o now liai o to consi ler the portion of the pier 
ahowii m Fi^ 441 The external forces acting on thi? portion are its neight 
(1 4 ents ) and the resultant pressure of 12 1 cwts acting at Cg as found by 
meisurement from Fig 440 

Cnij/iiii^ n»d ihrfinj — It is then found tliat tbe centre of pressure is Cg 
which 13 3 5 inches fioin the edge, and theaertical conijoncnt of the resultant 
pressure on the joint is also found to he 164 cwts , so that 
16 4 

Condition (6) is therefore fulfilled As rcgartls condition (c), the force 
tending to caiist sliding is found hy measurement to be I 7 cwt , and since 
the Vertical component of the pressure is 16 4 cwts. the resistance to sliding 
13 047 X IG 1 = 7 71 cwts. 

Tlie pier has now been designed, and is shown m Fig 44'' 


Eramplo 46 — Find what wind pressure the chimney shown in Fig 443 
can taftlj la. ist 

It will bo seen at once f \ 

tint VB 13 the joint Jno«t — 1 , _ 

likely to fill 1; ^,f . 

;Sow the fall of a chimnej | n 

may lead to serious con«e i y ..» y 

cjuonces, and it is tberoforc r* - - '1 <• 1 itf 

w ell to lay dow u the rule that * j j 

tlie centre of pressun. shall bo | ^ 

ktjtsoiutichinsidcofonecdoO |j_^j I 

that no tension will he excited t ^ 

at the other edge. Eefcr g :• ^ • 

ring to Appendix \I\ we see c o | iX", rt 1^1 ^ 

that for a lioUow square cliiin "^eFl^Pe^} » S 

nej, AC must not be less than ''-w/.l v . 

^ AB m order that the aboae ^ r i 

con lition may be fiilGllcd , an 1 sjXjit 

this \ alne can be applic 1 avith 1 j « hj 

sultiuent accunicj to the case ^ 

nn lev consi lention But AB \. 4^ Y I 

13 22 5 , 80 that least aalue of ^ 

AG = 5 62" approximately > 'C j 

It anil be found that there \ / ' 

are 87 cubic fett of brickwork b 

above the joint AB Tliere 'v 

fore (allowing 1 cavt per cubic >. 

foot for a\ eight of bnekaaork) \ 

the aveght of the chimney P 

above thejoint ABis 87 cwts 

* The student is recommended to sscertam the tr le value of AC by means of the 
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Let P be tlie normal wind pressure ; the total wind pressure on tlie side 
of the chimney will therefore be 

ll'3"x 6 xP = 67-5P cwts., 

and this force is applied at the centre of gravity of the side of the chimney. 

The part of the chimney above the joint AB is therefore under the action 
of three external forces — namely, 87 cwts. acting vertically through C.G., 
67 'bP cwts. acting horizontally at E, and 11 the reaction to the resultant 
pressure acting ujjwards at C. 

Taking moments about C we have 

_ 5.(52^ 87 - X 1 2 X 67 -5? = 0, 

whence 

P = 0TO7 cwt. = 12 lbs. 

It therefore appears that this chimnej' under the condition laid down, 
although the tenacity of the mortar would materially increase the powers of 
resistance, cannot be considered as safe. 

Crushing . — The maximum intensity of compression with 12 lbs. wind 
pressure should also be found. In this case the vertical component of the 
resultant pressure on the joint AB is equal to the weight of the chimney, 
namely, 87 cwts,, and this pressure is distributed, but not uniformly, over 
an area of 9-8 square feet, or 1417 square inches. Following the rule given 
at p. 220 we have 

87 

l’{m!uc.) = 2 X — — = 0T23 cwt. per square inch nearly, 


so that there is no fear of crushing with a wind pressure of 1 2 lbs. per square 
foot. 

Sliding . — As regards sliding, the force tending to cause sliding is the wind 
pressure equal to 

12x67-5 ^ 

- <-2 cwts, 

and the maximum resistance of the joint AB to sliding is 0-7 X 87 = 61 cwts., 

so that there is no fear of sliding. 

Stay . — This chimney can, however, be 
made perfectly safe by fixing an iron stay as 
shown in Fig. 444. Let it be ascertained what 
the cross section of this bar ought to be. 

AVe have seen that the chimney itself 
can safely resist 12 lbs. wind pressure. 
Taking 50 lbs. as the maximum wind press- 
ure, it follows that the iron will have to 
resist 50 — 12 = 38 lbs. per square foot. So 
that the wind pressure the stay has to resist is 
67-5 X 38 

= 23 cwts. nearly. 



the stay, take 


112 

To find S, the stress in 
moments about A (Fig. 443) 

7 X S - 5-62 X 23 = 0, 

S = 18-4 cwts. = 0-92 ton. 

When the wind is blowing in the direction shown in Fig. 443, the stay 
has to act as a strut, and it must therefore be calculated as a long column 
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villi cmls fisc<I B) the help of Table V it wjll be foimil that an L iron 
2 x2 X 5' can wftlj bear 0 9 ton (eml« romuktl), and therefore be 
Etroii({ cnoUj'li either stmt or tie 

Encloauro Wall. 

Example 40 — Find the nmd |nt«sure per Eijn-tre foot a fonj? enclosure 
Mall of the fection and plan fliottn in tig 445 can enfLl} rtSHt 

]<jni ring Utmalg 0/ thr ntortnr — If the tenicitj of tlie mortar is neglected, 
it iin In: fhown that, nith a nind pressure of 16 2 lb< per sijinrc foot, the 
centre of ]ire««nrc leould lx: nt A, fo tint, to rav nothing of crushing the 
lrich«, tlie wall would be on the ]>oint of oeertuming Tliis in\estigation 
i*, howe\er, bft ns an cxerei«e for the etudent 

I/uig cnelo«UT\ walls Fhonld thereforr Ix: built in good temcious 
niort ir, and it is well to buiM the lower courses m cement, esjweiallv if the 
ulintion IS exjx) ed 
Bi a lonj ciicloMin* 
wall IS iiuant one 
whose unsupi«ortc<l 
Kngth IS more than 
iilxiut ten tunes Us 
height fehorterwalls 
tlnii thc^c receisc 
con idenhlo rupjxirt 
from each end 

(JuMiil'nvij /omt- 

ci/i/ p/ iht mortar — 

We will now supiio*' 

tlmt this w all is huill ^ qi f " i 

in a gocnl li^drmlt. ) ■ - | 3 [ '' , j ■ — 1 I 

lime mortar, an J that u i 

the* adhesion of this p,g 445 

mortar to the bricks 

can be rafel} taken nt 0 06 cw l jkf e«piare inch (see Tabic Ia) The tenacity of 
the mortar il.«elf is greater, but of course sec can onlj reckon on the adhesion, 
as it IS less 

at fhe fdin, ve eee that ne<vt take a 0/ the luaJl 

I from B to F as a unit. The weight of this {lottion of the w ill ( dlowing, as 
before, I ewk per cubic foot of brickwork) is found to be 59 c«ts. This 
weight is distributed umjormhj oscr the area of the joint AB m section and 
jiortion BF on plan, which is found to 1>e 1215 square inches Tlie pressure 
due to tlie weiglit of the wall is therefore 

= 0 05 cw L per square inch iiearlj 

Let P he the wind pressure per square foot, then the total wind pressure 
acting at the centre of grasJtj of the iimt of the wall is 
10 6 x6 71 xP = 69 5P 

Tlie full height of the wall is not taken on account of the inclination of the 
coping 

The wind pre«snre will cleorli produce tension on the windward side, 
that 18 at B, and compression at A, and the intensities of these stresses can be 
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found by considering tbe jjortion of the wall as a beam fixed at one end, 
namely, at the joint AB. Referring to p. 50 (footnote) we see that we must 
lir.-t find the moment of inertia of the section, and this Ave can do by the 
rule given in Appendix XIV. p. 310. We thus find 

1 = 11235.' 


Tiie distance of the extreme fibre in tension from the 
sensibly 

7/o = 4’95 inches. 

So that moment of resistance 


But moment of fiexure 

Hence 


11235 . , 

= ?•„ X inch-CAvts. 

4-95 

= 69-5Px^i")iii2 


P = 


11235 X 2 


. 4-95 X 6‘9'5 X 79'5 




z'o 


“ mean ” 




fibre is 



To find P Ave must therefore decide AA-hat value to give to r,,. Xoav avo 
have seen that the sa/c adhesion is 0-06 cwt. per srpiare inch ; but rg can be 
given a greater A-alue than tliis, because the compression produced by the 
Aveiglit of wall (viz. 0'05 cAvt. 2 )er square inch) relieves the tension.^ Hence 
Ave can take approximately 

}•« = 0-06 + 0-05, 

= 0’11 cAvt. per square inch. 

Hence P = 0‘09 cAVt, = 10 lbs. 


Therefore even if the AA-all is built in good hydraulic lime it cannot safehj 
ie®i«t nujre tlian 10 lbs. jAer square foot of Avind jAressure. It Avould of course 
take a greater Avind piessurc than this to cause the Avail to fail. Thus, taking 
the ultimate adliesiou of best hydraulic lime to hard stock bricks as 3G lbs. 
per square inch or 0'32 cAA-t., avc can jmt 

ro = 0*32 + 0-05, 

= 0’37 cAvts. 

.•\nd r = ^ ^ ' 

4'95 X G9‘5 X 79‘5 
= ()-30 cAvt., 

=33'0 lb'. i)cr .square foot. 

In an exposed situaticAii, tlierefore, this Avail might possibly in cour.se of 
time be bluAvn doAvn. In an unexi)o=cd situation, hoAvever, the Avail might 
be Mfe enough, c^-pecially as the faction of the Avind against the giound is 
Icnoun to h"en con'idei.ibly it« f<Arce near the stiiface. 

The Avail can be materially strengthened by building the fii't ten or tAvclvc 
(out't - in cement. In thi' ca'C the ultimate adhesion can be taken at about 
0’5 tAAt. pir iquaie inch, and ro = 0’55, hence 


■ . tb 


p _ 1 1 23.7 X 2 X O-rA.5 
•forrx'co-.-. X 79-.A 

- ()• }.'l ( AVf . 

--riti't lb-, jier .cqimre foot, 

ti.- AA.ill i- iioAv •'liottg ( nouA;h again-t mnder.ite Avind piC'^n-c'!, 


' < ' I ■ ' <■ !r ui !y tb< !• ! t til •• 

. • ’ i ’ :! « .i -bt eft’ I valL 


eib’.id ’.y tfii'ion i- 'uppkmeuti d by the 
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It 18 clcarh iinncccsnn in tins case to find the nnxiinum inteii«it} of 
compression, neither lutd ntij calculations he made, ns rcganls the re 3 i«tincc 
to sliding, ns the resistance ue can non reckon on is not nierch the fiictioii 
of hnck ngauist 1 nek, nr stone ngiimt stone, hut the shearing strength of the 
mortar, ninl this is much more, than enough 
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RETAINING WALLS.' 


A EETAINIXG wall is a wall built for the purpose of “retain- 
ing ” or holding up earth or water. In engineering practice 
such walls attain frequently enormous proportions, being used in 
the construction of railways, docks, water-works, etc. In building 
construction, however, their dimensions are never very large, and 
the diificulties attending their design and coustrnction, which in 
engineering works are often very great, are therefore much reduced. 

Usual cross Sections for Retaining Walls. — Tlie form of 
cross section given to such walls varies considerably aceording to 
circumstances, and often according to the fancy of the designer. 
A few of these forms, such as might be useful in building eon- 
struction, are given in Figs. 446-456. 

Fig. 446 shows a simple rectangular wall. Such a section is 
suitable only for very low walls (say not exceeding 5 feet), as it 
is wasteful of material. 



Figs. 447 and 448 show a better section, in which the back 
of the wall is sloped. Except in the case of a wall for retaining 
water, the alterations in the thickness of the wall would be carried 
out by means of offsets, as in Fig. 448. 

^ For Practical Formula see pp. 235, 239, 244, and App. XXI. 
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Pig 449 sllO^^ s a Jill with vertical back andwith a batteied 
face In point of stabilitj a wall with a battered face may or 
mn^ not be according to circumstances more stable than a wall 
with n straight face and sloped back It has the appearance of 
being more stable and there 13 the advantage that a small altera 
tion in the hatter, caused by rotation or inclining forward is not 



1 g 118 tig 449 


noticeable, whereas the 0)c is offended if a wall with a vertical 
face rotates e^o^ so little To prc\cnt lodgment of water how 
e\ ei the batter should not exceed J 

In ligs 450 and 451 walls with battered face and sloping 



\ „ 450 Fig 451 


backs are shown It will also be noticed that the footings are 
inclined thus giving greater resistance against sliding forward 
The section shown in Fig 450 is however clearly not suitable for 
retaining water 

In the case of walls for retaming eaith counterforts are some 
times added as m Figs 452 and 453 and Professor Eankine has 
shown that a slight saving in masonry is thereby effected 

In the preceding cases it has been supposed that the top 
surface of the earth to be retained is horizontal and also level with 
the top of the wall Frequentl} however a hank has to be sup 
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ported, as shown in Tig. 454 or 455 - Such walls are called 
“ surcharged ” walls and clearly require greater strength. 



Fig. 452. Fig. 453. 

Another case in which greater strength is required is when a 
building is placed close to the w’^all as ’shown in Fig. 456, because 



Fig. 454. Fig. 455. Fig. 456. 

the weight of the building tends to overturn the wall by increasing 
the natural thrust of the earth. 


EETAINING WALLS EOK WATER 

The calculations for finding the dimensions of walls for retain- 
ing water, so long as the depth of water to be retained is not 
great, are comparatively simple. 

Such a wall is acted on by two external forces, namely, the 
pressure of the water and the weight of the wall. 

As regards the pressure of the water, it is known from hydro- 
statics that it is : 

( 1 ) Directly proportional to the depth below the surface. 

( 2 ) Normal to the surface exposed to the pressure. 

Applying this to the case of a wall with a vertical back 

(Fig. 457); at the lowest point B the pressure will be proportional 
to the depth of water AB, and will be horizontal, since it is 
normal to the surface pressed. The pressure of the water at B 
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cm therefore be represented b} BD, ■which is drawn horizontally 
equal to the depth of -water at B At A the pressure is clearly 
zero , hence ordinates fiom AB to AD represent the pressures at 
all points along AB 



Fig 457 


The area of the triangle ABD therefore represents the total 
water pressure on the wall (see p 219), and the resultant 
pressure will pass through the centre of grxMty of this triangle 
The centre of pressure £ is therefore two thirds of the waj down 
that IS AE = 3 AB (96) 

And if wo consider 1 foot of length of the wall the resultant 
pressure (P) on tlm lioHion of the wall will be equal to the 
weight of n prism of water whoso cross section is the triangle 
ABD and length 1 foot (Fig 458 ) 



Fig 458 Fig 459 


The volume of the pnsm is 

AB X BD , AB" 

2 “ 2 “ 2 

where H is the height of water above the point B And since a 
cubic foot of water weighs 0 557 cwt we have 
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AP>" 

P = 0-557 x^^cwts. . . (97). 

We therefore know the magnitude, point of ap]plication, and 
direction of P, which is all we require to know. 

In the case of a waU with sloping hack some modifica- 
tions must he introduced. Thus in Fig. 459 the pressure at B 
will be represented by BD drawn normally to AB and equal to 
H. AT) will then represent the pressure along. AB, so. that the 
triangle ABD will represent the total pressure, and 

AEt =2 aB. 

Also 

^ AB X H 

P = 0*557 X — — cwts. . . (98). 

2i 

P is therefore completely determined. 

As regards the second external force, namely, the weight of 
the wall, if we assume a trial section the weight can easily he 
obtained, and we can then ascertain whether this trial section is 
suitable by applying the rules given at p. 221 ; 

In the case of a wall for retaining water it is of the utmost 
importance that no cracks should be formed, and for this it is 
necessary that no tension should be excited. Hence the centre 
of pressure must not approach the outer edge nearer than one- 
third the width of the joint. 

The various points that have been considered will now be 
illustrated by means of an example. 

Beservoir Wall. • 

Example 47. — A M'all to retain water to a depth of 6 feet is required ; 
the top of the wall is to he 1 foot aboA'e the surface of the water and the 
hatter of the face The wall to be built in brickwork and cement. 

Preliminaries . — So far as stability is concerned, the top of the wall might 
be built to a feather edge, but if the Avail were tlius built the top Avould soon 
be in Avant of repair; moreoA’^er, the saving in brickwork would be exceedingly 
small, and would not compensate for the additional difficulty in building. 
A width of 9" at the to]3, although somewhat narrow, will be assumed. 

Since the batter of the face of the wall is given, it remains only to find 
the batter of the back of the aauH, or, AAdiat comes to the same thing, to find 
the Avidth of the Avail at the footings. 

Now it can be shown that if the Avail Avere of triangular section, i.e. Avith 
a feather edge at the top, that all joints aa-ouM be of equal strength, and the 
effect of giA’ing a certain AAudth to the top of the Avail is to make the loAvest 
joint the Aveakest ; Ave need therefore only consider this joint. 

The courses Avill be built at right angles to the face of the wall, so that 
the joints Avill haA'e a slo])e of -jV- 
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As a first trial, the tluckncss of the trail at the footings to be 4 

feet The tteiglit of one foot of kn(,th of the stall ttill be 
076 + 4 

— X G C X 1 ettt = 15 G ewt® , 

ami tins force ttill be applied at the centre of gravity marked CG m Fig 
4O0, tthicli can be found graphicallj by a method explained in Molesuorth s 
PoAid Book ^ 

The vtater pressure is equal to 


- 10 7 cut® 

It 13 i>crpendicular to Ml, and is npplictl at the point E 



/ ^^naevd 

Fig 4G0 Fig 461 

TI1C resultant of the c two forces intersects the joint DB in the point C, 
and 03 DC is 1 05 foot an I is Ic s than — the wall must be made thicker 

Next trj 6 feet, the weight will be 19 cwt® an! the water pressure 
112 cwts It will be fonnl tint DC— 1 7 foot, which is within the middle 
one third of the width of the joint This thickness is therefore sufficient 
anl tlie section of the wall will be as shown in Fig 461 
Stnctlj It should be ascertained tl at con f* i8 

ditions (6) and (c), p 221, are fulfilled This 0 

13 left as an exercise for the student J V ■ ; 

As a further exercise, the student can fin 1 / \ . 

the proper dimensions to give to tl is wrall is \- 

supposing the back to be vertical I \ 

Practical Buie for tliJckne«8 of -walla to | \ 

retain water — The following is an old rule I \ 

for retaining walls for water — j \ — | 

idth at bottom = height x 0 **, "" ' ' \ I ^ 

11 iclth at middle — height x 0 5, ^ ^ 

Width at top — height x 0 3 Fig 462 

^ Page 366 23 ! ed t on 
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and a wall designed accordingly would be as shown in Fig. 462. It will be 
seen that this section has a smaller base but somewhat greater area than the 
one just designed. Its weight j)er foot run is 19’6 cwts. The resultant in 
this case also falls just at the one-third of the width of the base Avithin the 
toe. On comparing Figs. 461 and 462 it AA'ill be seen that the Avidth at the 
top has a considerable effect on the cross section of the Avail. 

EETAINIITG WALLS FOE EAETH. 

The section of a 'wall for retaining earth could he at once ascer- 
tained in the manner just described for walls for retaining water 
if we knew the direction and magnitude of the pressure exerted by 
the earth on the back of the wall. We saw in the last example 
that the water pressure on the back of a wall can be easily found, 
but it is not so with regard to earth pressure, which varies with 
every different kind of soil, and also with the conditions in which 
the soil is ; for instance, whether loose or compressed, wet or dry. 
Various theories on the subject have been propounded by Professor 
Eankine, Boussinesq, and others, but they do not appear to be very 
satisfactory, and in any case are far too complicated for these Notes. 
Under these circumstances it will only be possible to give a mere 
outline of the subject. 

If a steep bank of earth is left to itself it will, under the 
action of the weather, gradually 
crumble down until it has taken 
up a certain slope as shown in Eig. 

463. The angle of inclination of 
the slope at which crumbling ceases 
is called the “ angle of repose,” and 
this angle Amries with each different 
kind of earth. This angle is gener- ^^ 3 . 

ally denoted by In Table XVI. will be found the angle of 
repose for several of the usual kinds of earths, but this angle can 
be found experimentally in any particular instance by shovelling 

the earth up into a 
heap and measuriug 
the angle of the slope 
so formed. 

Now suppose that 
the earth behind a re- 
taining Avail is loose, 
and that it Avould im- 
Fig- 464. mediately fall doAvn to 
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tlio an^'lc of rojKJSO ^\cro the wnU rcino\C(l, then it ^\lll he seen 
from 46} tint tlic ^\nll, nnlcd liy the friction of the cartli 
su)>]>orts the vo(l<io of enrth represented in the ligure by the 
tnunilo Altr, ^^hi(l» is tending to slide down IU\ 

'ilic nsuUiint pressure of this wdge of cnrlh will he some 
force such ns I’, nnd it is to find this force K that the \firious 
theories nlreidy nl!ude<l to h*i\e boon pro|K)«ed Once found, the 
•liuiensions of the wall can In? n'^tcrtnincd preciscl) ns m the case 
of the rv«cnoir wall (I'xnnrple If, howcicr, tlie earth h 

at all coinoliditod, so that it would not fall to the natural slope 
immedialcly on removal of the wall, the pressure on the Inik of 
the wall is much less than tint due to the wedge AIH'. The 
cirth nny c\en be sufliciently consolidated to stand \crtically on 
rcmo\nl of the wall, in winch case there i;> praLtically no pressure 
on the hack of the wjill, and if it can be ensured that the earth w ill 
nlwa}s la'inain in this condition, the wall need only he built thick 
cnotijjh to resist its ow n weight. It then acts simply as a co\cring 
to the earth to pre\tnt its liciiig degrmlcd bj tlio action of the 
weather. Such walls talleil “ bre.ast walls" On the other hand, 
howc\tr, infiltmlion of water will increase tlie pressure of the emth 
against the back of the wall, lioyond what it is when the earth is 
quite loosa The student w ill at once see that to frame a thcorj’ to 
meet all these dinirciit conditions must bo a diOicult matter 
“TIic pn*once of moi«turc m earth to an cxltal ju»t mfllcioat to expel 
the xur frvtu iis cn \ kc«, ^wm« lo increa»c Ua cotfljcient of fncijon filighil} , 
hnt nm adthtionat mot<ture ncta like an un,nient in <hiiuni*hui^' friction, nnd 
lenda lo re«lucc llic t irth to n fcmi tluid condition, or to the state of mud 
In this ^Intc, nlilioiJ;;li it liaa fomc coin ‘ion, or M«cuhtj, >\lnch rc'ists mpid 
altcntinn-j of fonn, it lia^ no fnrtioinl Ftnbiht} , nml its coeflicicnt of friction, 
nnd anAe of rn>o«c, arc each of them ludJ 

“licnee it 19 oht 10119 that the frictional ftahilitj of earth depemb, to a 
Krcat extent, on the ca«e vilh which the water that it occasionally alxorba 
can be drained away. Tlic Kifeot inatcnala for earthwork art. shivers of 
rock, sbinA‘?« gravel, and clean plmq* sand, whether consisting wholly of 
small li ml cry «tal«, or containing n mixture of fri„mcnt 9 of shells , for tho«e 
inalcnals allow water to pa 99 through wiUiout ret lunng more tlian is bene- 
ficial The cleanest sand, howcacr, may be made completely unstable, anil 
reduced to the state of quicksand, if it 18 contained iii a basin of w ater holding 
matcnals, so that the water mixed nmonj^its jiarticlcs cannot be drained oil 
“The property of retaining watci, and forming a paste with it, belongs 
specially to clay, and to earths of which clay is an ingredient Such earth*, 
how haul and firm socaer they may’ be, when first excavated, arc graduallv 
softened, and have botli tlieir fnctional stability and tlieir adhesion diminished 
by exposure to the air In this re-pcct, mixtures of sand nnd clay are the worst ; 
for the sand fav ours the accc®s of water, and the clay prc\ cuts its escape. 
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“The properties of earth with respect to adhesion and friction are so vari- 
able that the engineer should never trust to tables or to information obtained 
from books to guide him in designing earthworks when he lias it in liis 
power to obtain the necessary data either by observation of existing earth- 
works in the same stratum or by experiment.” ^ 


Mathematical Formulse. — Eankine’s Theoiiy — Earth, hori- 
zontal top . — It has been shown by Eanldne that in the case of a 
wall retaining loose granular earth {i.e. not consolidated), the toj) 
surface of the earth being horizontal and the back of the wall 
A^ertical, the pressure P of the earth acts horizontally, at a point 
-^d of the height from the base, and that its magnitude is 


1 — sin 0 
2 1 -f sin 0 


( 99 ), 


in which ^ = the angle of repose, w = weight of earth per luiit of volume, H = AB. 
Graphic Method. — This result can be exx^ressed graphically 



as shown in Fig, 465 by laying off the angle ABC = 0, and mak- 
ing CP = CA, Then -|-w(BP)^ lbs. is the magnitude of the earth 
thrust, for it can be shown ^ that 

]gp2 JX2 ^ 4 ^ 

1 -h sin (f)’ 

so that P=^w(BP)2lbs. . . (100), 

and hence the earth thrust is represented by cd. 

If the bacTc of the wall slo2yes, A:B can be taken as a vertical 
line just clear of the wall, and the earth resting on the back of 
the wall adds to its stability. 

1 A Manual of Civil Engineering, by Prof. Rankine, F.R.S., etc. 

- BP- = (BC - AC)2 = ( ^ - AB tan ^ ~ ^ 

\^os <p ) cos-^ l + sin^’ 
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IHieii the surface of the earth is at a slope instead of being 
liorizontal a similar construction will give the eaith thrust, hy 
duiwing its direction, according to Paiikine, parallel to the slope 
of the eartli. These constuictions nro shown in Figs. 466 and 
467. It ^\*ill ho observed that Fig. 467 shows the general case, 
and that Figs. 465 and 466 can be deduced from it. According 
to Dr. Schefiler’s theory the direction of the thrust is always in- 
clined at an angle (f> to the 
horizontal, but the magni- 
tude is greater than given 
by Itankine, except in the 
case shown in Fig. 466. 

The overturning poner 
of the thrust as found by 
Schefller’s hj^iothesis isless 
than that of the thrust ns 
found by Knnkino’s method, 

but it lias been proved by experiments made by G K Darwin, 
as ‘a ell as by the results of actual practice, that Schefller’s 




theory can be safely depended upon. This hypothesis, in fact, 
makes some allowance for the cohesion of the soil, wheieas, as 
already stated, Kankine’s method is based on the supposition that 
the earth is granular and loose. 

Practical Pormuls. — A formula is given in Hurst’s FoeJeet- 
BooJe,^ based on Eankine’s investigations, which is shown below, 
with certain modifications.^ 


^ Page 123, 14th edition. 

® The following process is recommended for designing retaining walls , first find 
the section by means of the formula, and then apply the graphic method as a 
check. ^ 
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T = thickness of wall with vertical sides. 

Tj = mean thickness of wall with either face or hack sloping 
(i.e. thickness half-way uj) the wall). 

H = height of the wall. 

vj = weight of a cubic foot of the earth at the hack of the wall. 

= weight of a cubic foot of the Avail. 

/90 — <i\ 

K=0’7 tan (■ — ^ Avhere is the angle of repose (see - 
Table XVI.) 

Then 

Case (1) Wall with vertical sides and hashing horizontal at the 
top (Fig. 468). 

T = K.Hy^ . • (101). 

(2) Sloping walls with vertical hack (Fig. 469). 

Batter of face 

Tj = 0-86T. 

f T^ = 0-80T. 

T^ = 0-74T. 

Case (3) Wall with verticcd face and sloping hack (Fig. 470), 
or {Case 2>cc) with offsets (Fig. 471). 

T^=0-85T. 
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C\S} ( 1 ) Slicitumu Kujtmfnts — .Substitnto for II in llio 
formtih (ho \crtrcil hd^ht JI rfui«urc<I (o the point O, fouml hj 
Fttliij" off the dHtintc II along the earth slope, ns shown m lig 
*1/2 

(o) ir/en ihf IhmiJ t^of Uss height above Ou icalt than the 
ih'itnuee U irouhl I the the actual htiglil of tlio bank, ns 
show 11 in I ig 473 

C'fv (C) V'l ni thr earth •‘topes from (hr f}ont edge of thu nail 
Iho ]K)int Cr shonlil he fouml ns shown in I ig 474 
Values for nml W will be found in Inble WII 


Itotalning Wall for Light Vcgotnblo Earth, 
rrumplo 48 — a will fo rriim segetible tirlh, coiisolidstcd 


mul «ln , to a ili | th of 8 f 1 1 , tljc Iwiking being 
lion/ontil fll tbi top mil llii»hwitli tlie top of 
the wall l!ic lack of tlicwnll to be vertical 
an 1 the face to batter J The wall to be built 
in ortlinarj brickwork 

iVchniinfinci — 1 rom Tnl lo WII we find 
ICO 00 lbs p( r cul ic fwt for atf,ttal le c nth 
W»112 „ , for brickwork in 

mortar ^ 

Al«o from Table \VI 

1C c- 0 2C for moist aCe,etable earth 
It C — It . 


.fZ 

■J-J- 


1 ‘ 

e 

1 1 


*® / 

V j 

^Sr/a‘/^ear/i 

J--. 

K 
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Galculation hy 'pmclicul formnki. — nciicc(Efjuation 101, p. 240), 

/oT 

T = 0-2Gx8^/^, 

= 1 -80 foot ; 
and 1\ = 0‘80 x 1*8G, 

= 1 -40, 

or say 1' G" ; and as tlic batter is j the lliickncss at the toj) ^vill be 1' 0", 
and at the bottom 2' O". 

The foundations can, with advantage, be inclined so as to resist the 
pressure which tends to make the wall slip forward. Wc thus get a wall as 
shown in Fig. 475 . 

Graphic victhod. — To compare the formula given above with Eankine’s and 
Scheffler’s methods, draw a cross section of the wall, and ap^dy the graphic 
construction as shown in Fig. 476 , taking the angle of repose as 49°. It 
will be found that BP is 2'96 feet, so that 

90 

(2-96)2 = 394 lbs. 

Also the weight of one foot length of the wall= 1345 lbs. 

Taking Kankine’s method fu'st, we find B as the resultant of the weight 



and the thrust, and it will be seen that E intersects the jdane of the base 
sufficiently inside the wall. Ej^, the resultant found according to Scheffler’s 
method, intersects the base still more inside the wall. It is left as an exercise 
for the student to find the maximum intensity of compression at the edge. 
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1 1 c »ln 1 ni nl 1 o1 ‘('np lliil nji cxtronc ci«<. lifts bcm clio^'cii for tins 
rMJiijlt, tlic (itili IS \<.r\ li„ht ftn 1 tlip ^nr.lc of rvjHj'c Hr^r If tlic enrtli 
srt.r\ n li Ut( I, tlic nn^lc of ni»OH. wcull K. 20*, and Jt >mU 1 c found 

tint tin. iium tlitckn 's (*Ij) ^^uull IIkii I>c 24 Tlc! 

Botnining WftU for London Clay, 
rxaraple 40 — ^niip vnll as in llip jrc\imn rxiniplc, but designed to 
ittnni I/ni 1 n chi n-rcjillj treixat *^1 an 1 ^itumtcd «itli witirf tc 1 ig 477) 
In tl H evt, flc fin 1, » n nfirnii,, to Til Ic W II , 
i“rilJ0U« j>or cnl ic fool, an 1 

IltnccM pntjon 101, ] 210) T oOMx8\/J,7“ I 4 fcot, 

Tj-OSOx fi-cL 

Tlicnf n 1 will of llic »ochon fbown in 477 >* rtijinrcd 




Surcharged Botalnlng WoU (Loamy Earth’' 

Txamplo 50-— Vnil the diinriiP'iom of the furchargcl ixiuning wall 
fliowu in 1 478 I lie cirtli j* fuj>jK>'cI to be of ft 1 Mtiij inturc , the 
fi c of till will M to l>c icrticil, mid the back to haiv n batter of about 
the will to lx 1 tuk of nil bit nnsonn 

J’relmii I rom Inblc II we finl 

tr « 80 lbs. jxr cul jc foot, 

^\'-U 0 „ „ 

nil! 

K«0 33 

On tncxsunng II nloii„ the Blo]>e we find 
II, = 0 3 feet, 

and therefore 

T = 0 33x9 3^/94^ = 2 3 feet, 
lienee from (3), p 210, 

T, = 2 3 X 0 85, 

= 2 fuet nearly 

Tiic dimensions in 1 ig 478 gne a mein tliickness of 2 feet ind a batter 
of J at the back 
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Baker’s practical Buies for Thickness of Betaining Walls. 

Proportion of tliichicss to height . — “As a result of his own 
experience ” Sir Benjamin Baker “ makes the thickness of retain- 
ing walls in gi’onnd of an average character equal to of the 
height from the top of the footings.” 

He also says that “A wall quarter of the height in thickness, and 
battering 1 inch or 2 inches per foot on the face, possesses sufficient 
stability when the backing and foundation are both favourable.” 
Also that “under no ordinary conditions of surcharge or heavy back- 
ing is it necessary to make a retaining wall on a solid foundation 
more than double the above, or of the height in thickness.” 

Pquivcdeiit fluid pressure . — He says further that “ Experiment 
has shown the actual lateral thrust of good filling to be equivalent to 
that of a fluid weighing about 10 lbs. per cubic foot; and allow- 
ing, for variations in the ground, vibration, and contingencies, a factor 
of safetv of 2, the wall should be able to sustain at least 20 lbs. fluid 
pressure, which will be the case if of the height in thickness.” 

These rules may be usefully applied to check the calculations 
made by other methods. 

Foundations. 

Ordinary firm earth will safely bear a pressure of about 1 to 
1-1 ton per square foot, while moderately hard rock will bear as 
mucli as 9 tons. 

It is therefore not worth while to make any calculations for 
the foundations of ordinary walls because the pressures they 
cause are so small. 

The foundations of retaining walls are subject, however, to 
considerable pressures, which moreover are not uniformly distri- 
buted. They should therefore be of such a width that the 
maximum intensity of pressure is not greater than the soil can 
safely bear, and the centre of pressure should not be nearer the 
outside edge than -1 the width of the foundation. 

Esamplo 50a. — Pirsvirc . — As an cxainjde siii)pose Nc, Fig. 47 Sa (tlie 
noinial cnn«tituenl of the resultant of the rvcight of the wall for 1 foot in 
length and the i)res.snre of the earth tijion it) to ho equal to 2 tons. 

A'^nnne foundations .cuch as tliose shown in Fig. 477, the centre of 
]Ui‘-'Ure c being at 1; the width ef of the foundation from tlic outer edge, 
them tiie maximum inten^-ity of pressure will he at c (see p. 21!)), and it will 
he equal to 2 X I ' tons per .square foot. 

It i*? evident, therefore, that on firm earth, clay, or harder .soils the maxi- 
mum inteii'ity of ])re---ure would not be too great. 

If the --oil Were vry loocc and unfit to hear weight then the concrete 
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foundntio!! would hare to he extended eo that the niaximxim pressure upon it 
should not exceed nhat the soil could bear, and in extreme cases the founda- 
tion would have to be prepared by driving piles. 

If it is very inii>ortant . 
for any reason that the 
ircssurc on the earth should 
Kj uniform, the toe of the 
concrete must hecxtcrided so 
that e •should bo tlie centre 
of the earth pressed uiwn. 

Goncrclc base. — 

Care must be taken 
that the concrete is 
mntlo so tliick that 
tlicre is no danger of 
its breaking across. 

In Fig. 478a (tide is 
in the condition of a can- 
tileier nearly luiiformly loaded and lending to break off at Id. 

Thus fee Appendix VII. 

te*2 X /o 

T” 6 

taki:jg/o= 100 lbs. per sfpmrc inch,’ 

2x 12(x 16) ’XlOO 
“ C X 24 ’ 

= 0400 llrt. 

= 2} tons nearly. 

Therefore the cantilever will bwr 2^ tons distributed or ton per foot 
eupcrficial without bieakuig. 

Whereas the most inten«e pressure at the end is only 5 ton per foot 
2^ 

(giring a factor of safetj of nearly 4), and tlie mean pressure distri- 
butetl only ton. 

The concrete therefore is amply thick enough. If made 12" thick it 
would bear about ion per foot-superficial. 

Sliding on concrete . — To prevent danger of the t\all sliding 
forward on its concrete base, the tangent of the angle MQR (between 
the normal MQ to the base and the resultant pressure EQ) must 
not bo greater than ^ x the coeflicient of friction of brickwork 
with damp mortar, Table XVa, %e. not greater than \ x '74 = ‘59. 

The angle EQM measures 21“, the tangent of which is ’SS, 
so that the condition is amply fulfilled and the wall quite safe 
against sliding. 

Sliding on clay . — In the same ^vay by using the proper co- 
efficients from Table XVn it will be found that the wall would 
slide on wet clay but would be safe against sliding on dry clay. 

1 Baker. 
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ARCHES. 

TX Parts I. and II. some preliminary remarks were made in 

connection with arches ; the names of the different parts were 
given, and also some practical details as to the construction of 
brick arches. 

It is proposed to show in this chapter how to ascertain the 
thickness of the arch ring in order that the arch may safely resist 
the load it has to hear. 

The calculations in connection with the stability of the arch 
ring are amongst the most difficult that occur in engineering, hut 
there is a simple graphic method hy means of which the desired 
result may he obtained hy a series of approximations, and it is 
this method wliich will be described. 

It should, however, be observed that in the large majority 
of cases the arches used in building construction have but a small' 
span, and are, moreover, only repetitions of what have been built 
before, so that there is ample experience to fall back upon. There 
is therefore no necessity, in such cases, to make any calculations, 
and the dimensions can be obtained by referring to a table such 
as that given in Molesworth’s Pocicet-Book} or Table XVIIa. 

Graphic Method of determining the Stability of an Arch. 

Let I, J, K, L be any voussoir^ of an arch. The load on 
this voussoir consists of its own weight and of the portion of the 
weight carried by the arch included between the dotted lines 
(Fig. 479). Let 10 be the resultant of both these weights acting- 
through their common C.G. The voussoir is also subjected to 
the pressure P of the voussoir above it, and to the reaction E of 
the voussoir below it. These^are the only three forces acting on 
the voussoir, and if we know w and P we can find E and also its 
^ Page 108, 23cl edition. 

The student is referred to Parts I. and II. for the meaning of the various 
■ technical terms employed. 
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point of application C, \\hicli is tlie centre of pressure for the 
joint I, J XoM ^ve knox\ (see p 221 ) tint for 
st'ihilit) the point C must lie inside I, J, and 
lint, inoreo\ ti, to prc^ out crushing the material 
of the \ou«‘joir, C must not approach I or J 
nearer than a certain distance, depending on 
tliQ aalue of 11, and on the resistance to crush 
iiig of the material On this point l)r Schefller 
lias laid doun a general rule that the point C 
‘ihould he nitlim the middle half of the joint Fig 4/5 
but other authorities recommend that C should he uithm the 
inner third of tlic joint' in order that no tension he evcited (see 
p 22i) Di Schenier 8 assumption 13 amplj safe for all ordinary 
cases and udl tlieiefore bo accepted for tlieso l^otes 

Nou , for purpo‘;e 3 of calculation, the arch can be considered 
as divided up into a number of imagvimi/ loussoirs as shown in 
I ig 4S0, and MO can supiiosc that the centre of pressuio at each 


joint has been found, and that these centres of pressure are then 
]omed together bj a broken Ime If tlic arch had been divided up 
into a greatci number of imaginary voussoirs, os in Fig 481, the 
lino joining the centres of pressure would bo almost a contmuous 
cur\ 0, and if a still greater number of voussoirs had been assumed, 
tile line wonhl hardlj he distinguishable from a curve This 
hue is called the line 0/ resistance and from it we can obtain the 
point of application (centre of pressure) and direction of the 
pressure at an) section of the arch 

Appljing therefore, the results arrived at m connection with 
one voussoir. Me see that for safety the line of resistance must lie 
^vlthIn the middle half of the arch ring as shown in Fig 485 
For mere stahilitj , if the material of the arch ring were un 
crushable the line of resistance might just touch the outside of 
the arch ring 

The line of resistance also gives the direction of the resultant 

1 For important arches tl e line of resistanco el oald always be kept witlun the 
ini Idle of the arch ring as in the Example Appendix \X 
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pressure on auj^ joint of tire arcli ring, this direction being a tangent 
to the curve ; and should this direction he too much inclined to 
the joint the arch woiild fail by sliding^ As a matter of fact, how- 
ever, the inclination seldom, probably never, is sufficient to produce 
failure in this manner, except in straight arches (see Fig. 1 4, Part I.) 

To find the line of resistance. — Tlie problem therefore is- to find the line of 
resistance, and herein lies all the difficulty. 

On looking at Fig. 481 it will he seen that the line of resistance is hori- 
zontal at the point D ; at this point therefore 
. the pressure is horizontal, 

H Suppose the portion DB of the arch is re- 

moved (Fig. 482 ), then we have the left-hand 
portion of the arch kept in equilibrium by — 

( 1 ) The portion of the load it has to sup- 
port (ITj). 

(2) The horizontal pressure H at D. 

(3) The pressure at the abutment A. 
Now, a force is determined when we know 

( 1 ) its direction, ( 2 ) its point of application, 
and (3) its magnitude. is, or can be, so determined. Of H we only know 
the direction ; and as to we know nothing except that it is equal and op- 
posite to the resultant of and H. We therefore cannot solve the problem 
until we know the point of application and the magnitude of H, To obtain 
these we must resort to what is known as Moseley’s Princiide of Least Resistance. 

Professor Eankine states this principle as follows : — 

“ If the forces, which balance each other in or upon a given body or 
structure, be distinguished into two systems, called respectively active and 
X>assive, which stand to each other in the relation of cause and effect, then will 
the passive forces be the least which are capable of balancing the active forces, 
consistently with the physical condition of the body or structure.” 

In the case under consideration Wj^ represents the active forces and H and 
P,^ the 'passive forces. 

It therefore follows that, in the actual arch, the magnitude of H will be the 
least possible consistently with the physical condition of the arch. And it will 
also be seen that to each value of H there is a corresponding line of resistance. 

Combining this with the condition relative to the line of resistance 
(p. 247) we arrive at the following result. 

The value of H will be such that the corresponding line of resistance 
is just included within the inner half of the arch ring. 

This line of resistance is called the line of least resistance. 

Theory of graphic method . — ^To determine the true line of least 
resistance mathematically is most difficult, even in simple cases ; 
hut by the graphic method of trial and error already referred to, 
the line of least resistance can he found very expeditiously — only 



Fig. 482. 


^ “ To insure stability of friction the normal to each joint must not make an angle 
greater than the angle of repose with a tangent to the line of pressures drawn through 
the centre of resistance of that joint” (Eankine, Civil Engineering). 





J 
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of resistance to pass below K is therefore the least admissible value of 
H, and the corresponding line of resistance is the line of least resistance. 

Clearly, therefore, the next step is to establish a method of finding the line 
of resistance corresponding to any assumed value of H. 

Suppose that the portion AD of the arch ring is dhdded up into a number 
of imaginary voussoirs, as shown in Fig. 486, and let the load on each of these 
voussoirs be found, namely etc. 

Now the first voussoir is kept in eq^uilibrium by three forces, as shown in 
Fig. 487. We know H and w-^, but Pj has to be found. To do tins, draw ah 
(Fig. 488) to represent H, and aa^ to represent ; then (by the triangle of 
forces, p. 179) a^h will represent Pj. We therefore have only to draw P^ 
jiarallel to a-J) through the intersection of H and to find c-^. 

Proceeding to the second voussoir we have forces as shown in Fig. 489 ; and 



Fig. 490 gives the triangle of forces, therefore can be found as before. The 
same process can be repeated for each succeeding voussoir, and by this means 
the various centres of pressure can be found, and by joining them the line of 
resistance can at once be obtained (Fig. 491). 

It will be observed that Figs. 488 and 490 can be combined to form one 
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Jigurp, fhown in 492 , onti tin, Irjin^lc? of forces for nil llie 

fiiccci-UmR joinU enn l)C coinbmeU into one figure (I 493), tlius saMng a 
con'ulcnblc niuount ofilmwirig 

It will nl<K) be ob'cr^ptl timl the broben line formctl by the forces II, Pj, 
P^ cic (I ig 491X ni'im»xmntcs to the line of resistance, nml if double the 
nuiuKr of \oii‘«mr 9 Inl l>ccn baben, the approximation would Ikj still clo«er, 
as shown in I iga 494 and 495 b\ith n atrv large number of aoua»oir», the 
line of ixsi‘tancc and the brobm line fiirtiicil b\ the direction of the j rtssurcs 
at the joint* pncticallj coincide 



Practical Graphic Method of finding tbo Lino of Bosistanco 
in an Arch with a Symmotncal Load. — llio lino of resistance 
coTTcspomling to nnj particular anluo of IT can tbereforo bo found 
1)3 tlio following acr^’ simple graphic mcthocL 



Trial line — Tind the loads w^, etc, acting on the arch 
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(Fig. 496), and draw the diagram of forces, Fig. 497, thus obtaining 
the forces Pg, Pg, P^, etc. Then find the intersection of H and 
10^, then the intersection of P^ and and so on. Join these 
points of intersection, and the broken line so obtained will he 
approximately the line of resistance required. 

It will he observed that this line of resistance (Fig. 496) is 
not included within the inner half of the arch ring. The reason 
is that the point of apiDlication of H has been chosen too high. 



True line . — Lowering the point of application, which will 
also increase H to (P%* 498), we obtain a new diagram of 
forces (Fig. 499) and a new line of resistance, which is now found 
to just fit in within the inner half of the arch ring, and is there- 
fore the line of least resistance required. 

To find adhere the line of resistance is horizontal . — On refer- 
ring to p. 248 it will he seen that the section D was taken through 
the point where the line of resistance is horizontal, and we must 
now show how this point can he obtained. 



Taking the simplest possible case, when the load is uniformly 
distributed, as in Fig. 500, it is clear from symmetry that D will 
be situated at the centre of the arch rins. 

O 


=53 


A/^cur.s-fJXi: or ix^tST rns/sT^iycr 

Or, n".xin, if lli« load n s\ininelrically distributed 1) still 
be at tlic centre of tlio arch rinj; (Hg 501). 

In both these cases tin* lino of least resistance vdl be 
sjnnnctrical nlKmt the point 1). 

Xow let ns in\ostigatc the effect a concentrated lo-nl,' placed 
at any point on the artli nnir. has on the jwsitjun of tlio point J-), 



as in Tig 503, the thrust at the Fctlion can be reprt-ented b\ 
(ho IionVonlal thrust If and n ^ertltal force V IVInt no want 
to find is the section at whicli V is nothing If "e roganl V in 
the light of a slicinng stress no see on referring to j> oC tliat 
since, as a consequence of Itule 2, tlic shearing stress is nothing 
under tho residtant of all the loads, thcrefoi'o llic section of the arch 
n 0 Toquire n ill be under the resnltaiit of W and ir^, ip^ 

In any ca«e, tboreforc, the point D can be found b} dclermimng 
tile resultant load on the arch, nml this can be done \eiy simply, 
by finding the centre of graaity of nil tlie loads, ns e^plnlncd in 
Appciuhv YI. 

ThtcLncsi of the melt rtnff — The thickness of the arch ring 
should be suflieicnt to allow of the intensity of prcssuic being not 
greater tlian what the material is able to bear safel> Moloswortli 
gnes a rule, based on Ikankine’s, for finding tlio thickness of the 
arch at the crown, or, 111 other woixls, tho depth of tho ke) stone 
It is as follows • — 

Depth of kcj stone = ?i ^radius at crown (103), 

where n = 0*3 for blockstone, 

= 0 4 for bnckwork, 

= 0 45 for rubble stonew’ork 
The depth thus found is expressed lu feet 

1 A different method of treating an arch tntli an unsyraroetneal load will bo 
found in Ai'pcndix AA 
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The actual intensity of pressure at any section of the arch 
ring can, however, he found, as soon as the line of least resistance 
is known, by applying Equation 95. 

Semicircular Brick Arch. 

Example 51. — Find tlie line of least resistance in the sjmimetrically 
loaded semicircular brick arch shown in Fig. 504 when loaded with a iini- 
form load of 1 ton per foot run, including its own weight. 



Preliminaries . — It vdll he found, by applying Equation 103, that the 
thickness of the arch ring at the crown is 

= 0 '4 = 0'9 foot nearly. 

14" is therefore the nearest brick dimension, and we will call this 1'2 foot. 

The arch being uniformly loaded, we need only consider one half of the 
arch, and the thrust at the crown will be horizontal, as shown in Fig. 505 . 



The total load on the half arch is 6*2 tons, and its direction is at a distance 
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ARCHES-LINE OF LEAST RESISTAhCE 


of 1 9 foot from tlic point A. Now, nssccu ot i> 249, II will be a lumimum 
when applied at the point E, and its le\cr ami will then be 
5 + (J X 1*2) = 5‘9 feet 
The Icier arm of the load is 

1 9 + {Jx 1 2) = 22 feet 

Hence 

sss 2 3 ton« 

Again, II will be a maiimuni when applied at T, and when moments are 
talen about G In tins case the leier ami of II is 
S + (jx 12)s=';3 feet, 

and of the load 


Hence 


19 + (5 xl 2) = 28 feet 


11(11111.) = ^ xC 2, 

= 3 2C ton«. 

The tnic lalue of H, guing the line of leatl resistance, mu«t lie between 
thc'e two lalues, proiided of cour«e the arch nng is able to withstand the 
load put upon it 

At a first trial draw a hue of Ksistance through E. Eollowing the pro- 
cess explained at p 251 we obtain the line of rc«i«tance gnen in Fig 906, 



that IS, draiv H= 2 3 tons horizontally tliroogh E to intersect the fir«t load 
of 1 ton, from this intersection draw a line parallel to (Fig 507) to meet 
the second load of l ton, then from this intersection a line parallel to P„ to 
meet the third load, and so on until a line parallel to P^ is draw n to meet "the 
last load From this point of intersection a line parallel to Pg is drawTi and 
gives the direction of the pressure at the sprmgmg , Pg m hig 507 being 
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tlie magnitude. This line of resistance passes below the soffit of the arch, 
and therefore the value of H must be increased. It should be observed that 
the direction of Pg passes through K, the point about wliich moments were 
taken, and this forms a valuable check on the accuracy of the drawing. 

As a second trial increase H to H(n,ax.)> namely, 3-26 tons. The point of 
application of H will in this case be F, and the line of resistance shown in 
Fig. 508 will be obtained, which also cuts through the arch ring at the soffit. 




-4s a last trial apply H at E and take moments about G, so that the 
lijie of resistance will pass through G. ^Ye find 

2*8 

H = •— X 6'2 = 2'95 tons, 
o’y ' 

and the corresponding lino of resistance shown in Fig. 510 is obtained. This 
line of resistance is within the arch ring at all points, but at the haunches it 
is outside the inner half of the arch ring, and therefore does not comply 
with Dr, Schefiler’s rule. 

To raise the line of resistance at the haunches so that it will bo within 
the inner half of the arch ring, we can either increase the load above the 
haunches or increase the thickness of tlie arch ring at the springing. The 
first alternative is left as an exercise for the student. 

Thicheniwj arch . — SupiDOsing that the thickness of the arch ring is in- 
creased to 1 ' 6 " at the springing, as shown in Fig. 51 1 , the point G is now 
at a distance of |x 1'5 = 1‘13 from the inner point of the siiringing, and the 
lever arm of the load becomes 1’9 x 1'13 = 3‘0 nearlj'. Hence, if H is applied 
at E, 

TT 3-0 

H = -— X 6’2 = 3’15 tons, and the . 

True line of resistance shown in Fig. 5 1 1 is obtained. This line of resistance 
is practically everywhere included within the inner half of the arch ring, and 
is therefore the line of least resistance required. Practically, liowever, a brick 
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2C;7 

Itch -would not le built of laiying depth owing to the expense of cutting 
the bricks, -incl the arch ring would therefore be made 1 6 deep throughout 
1 his expedient could, how ever, be adopted if the arch w ere built in masonrj 
Thtclness to resut crushing — ^The thickness of the arch ring must be sufh 
cient to prevent the intensity of pressure being greater than the pressure the 
nnternl can safely bear Now on inspection it would appear that the 
gieatest mteusita of pressure occurs either at the point 51 (Fig 513) or at 




Fig 510a 


the abutment and to find the require<l thickness it w ill be necessary to ascertain 
nt which of these points the intensity of pressure is greatest At the point 
51 the line of least resistance is practically perpendicular to the joint between 
the aoussoirs, and on referimg to Fig 512 it will be found that the pressure 
at the point 51 is 5 1 tons Wc roust now employ Equation 9o, p 219 
and we can write 

k = 5 1 tons 


Hence 


GC = inches 

AE = 6 (the width of the arch ring) 
2x51 x4 0 97 
P 3x14x6”’ b ’ 


, 0 97 

or b = 

Fo.«) 

Now proceeding to the abutment we find from Fig 51'’ that the pressure 
13 6 8 tons hut this pressure is inclined to the joint, an 1 We must resohe 
perpendicularly to the joint We thus find (Fig 5 1 4) 

Y— 6 tons, 

GC = -^ inches 

2x6x4 0 89 


also 

Hence 


BC IV 




Therefore h is greater than or, in other words, the niaximiun intensity of 
pressure is greater at than at tlic abutment. 



Fig. 514. Fig. 615. 


If the arch is built in ordinary brickwork in mortar, 2^ can be taken at 
about 0‘5 cwt. per square inch. Hence 



0-97 X 20 
0^5 


= 38 inches. 
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Util if the nreh Merc 1 utlt iis cement j cm to liken at 0 8 cMts per 'tiuire 
null ml then 


b- 


0 0" X 20 
08 


2 1 indict 


Arch ith unsymmolrical Load (''cc Ai>pcn(li\ \\) 
Abutment for Arch 

Example 61n — As in example it uill be issmncd tint tlic 
irph IS situitcd at one end of the will of a building ns shown in 
1 Iff 5 1 5 J ho forces acting on the abutment are the tlinist of the 
arch, n unci}, G 8 tons as found above ind the weight of the bncl 
work in the will nnmediitelv over the will including the weight of 
the abutment itself It w ill be issumed thit tins w oi„lit is 1 0 tons 
icting ns shown in I ig 515 Ihcsc two forces intersect at A and 
complcling the trntiglc of force swcobtun II is the centre of pressure 
at the joint J)C In order tint 110 tension be excited at C we must 
inikc I)11 = ^]1C It must il«o lie a^cortiined tbit the iiitensit} of 

ircssuro is not too gicit T/r tcrtical 2 ir<ssu}C on the joint DC is 10 
tons lienee tiking tlio width of the arch as 23' we have from (9o) 

xT ' 

= 0 30 ewt per square inch neirlv 
It will he seen fioni liblc Iv tint 0 o ewt is sifc 
The vifivimnin jtrc&iioc <U the joint at A will liowcver, bo 
fiomcirlnfc greiter, the vcrltcil pressure will be reduced by 
about 1 ton (viz the vvcicht of the abutment below A) , and is 
A IS (according to the dimensions taken) at ^ the width of tlie 
joint from the outer edge 


/'(n 


)“ 


2x 


4^0 


s= 0 48 ewt per squire inch neirl} 

Dcsxsiance to sliding can be found ns before 
Ihe concrete foundations to the ibutracnt can bo designcdontlie 
same pnnciples is above taking circ that the mixnnuni intensity 
of pressure is not greater thin the soil cm withstand with sifetj 
Tablo of thickness of arches — The arches used in building 
construction arc not generally of very great span and they do 
not as a rule icquirc to bo calculated Their thickness is often 
governed b} appearance or it may be found in Tables founded 
upon experience One of these is given at p 343, and others in 
Molesworth s and Hurst s JPocl et Books 
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HYDRAULICS' 

{As ajyplicd to Buildiwj Construction). 

H YDLAULICS is a subject which is related to biiildiiig con- 
struction only to a limited extent, and in fact onl}’- two 
subdivisions of the subject need be considered, nainel^y — 

1. Tlie motion of liquids through pipes in connection with 
water supplj^ and disposal of sewage. 

2. The deliyery of water from a jet in connection with stand- 
pipes. 

IVe must first consider and define some of the terms in use. 
Pressure. — If we imagine a small cube immersed in a liquid as 
sliown in Pig. 5 1 6 , the pressure exerted by the 
liquid on each of the six faces of the cube will 
be normal to that face, and if the cube is sup- 
posed to be very small indeed, all these pressures 
will be almost equal. If the cube be now sup- 
posed to diminish without limit it will become a 
point ; the pressures will become exactly equal, 
and will then be the pressure at a point, as at P, Fig. 516. 
for instance, in Pig. 517 . It is shown in wmhs on Hydrostatics 

that the jn’cssure at a jxjint in a liquid is j^roijor- 

- tional to the depth below the surface of the 

liquid, and in fact that the intensity pressure, 
pi'cssurc per unit of area (a square 
inch, for instance), is equal to the weight of a 

. column of liquid of a height eipial to the de])lli 

I —, - J1 bedow the surfiice and one unit of area in cross 

rfe. .'17. section. Thus if P) is .oO feet and tlie liquid 
is watt-r, a cubic foot <>f vdiicli weighs almost exacllv <>2‘d lbs. 

’ Tor /V.jf-'iV..'? rrrvix’h.r^ j.p. Ctir, L'S!, .nul X.VI. 
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fit a tcmpeiatnre of 52“ 3 lain the piessuie on a square inch at 
the point P uouW be 

oO X ,4-; X 62 4 = 21 67 lbs 
144 

The intensity of ptessiae at the ^nt P is therefore 21 67 lbs 
or as it IS usually expressed 21 67 lbs per square inch 

Head of pi cssxii e — ^The depth of the point P (Pig 517) is also 
called the head of pressure at the point P or simply the head 
and IS generally expressed in feet 

Head of delation — The height of the pointP(Fig 517) above 
some datum le\ el is called the head of elea ation of the point P 
Loss of head- — IVhen a liquid is m motion each particle is 
constantly moaung from a place of greater head to a place of lesser 
head and the difference hetucen the two heads is called the loss of 
head fins loss of head may be entircl) a loss of head of pressure or 
entiiely a loss of head of cle\ ation or again partly a loss of head 
of inessure and tlie remainder a loss of head of elea ation 

The follow uig examples w ill assist to illustrate the abo\ e — 
V71 (Pig 5 1 8) IS a pi|->e connected to a tanl T at A there is 



a tap IVhen the tap A is closed the head at the point P w ill be 
Head of piessiire hP 
Head of elevation FP 

At A the head of pressure is GA and there is no head of 
elevation -with reference to the datura chosen 



hen the tap is opened however the pressure at A is reduced 
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to zero, and if tlie resistance of the pipe to the flow of the water is 
uniform, the pressure at each point of the pipe can be represented 
by the straight line AL, as, shown in Eig. 519. Therefore the 
head at P will now be : 

Head of pressure, KP ; 

Head of elevation, PP, 

It will be observed that the head of elevation is not altered, 
but that the head of pressure is reduced by the amount KE. 
With reference to a second point P^, the head of pressure is K'^P'", 
and the head of elevation P'P' ; but the “ loss of head ” between 
the two pomts is K'O. This loss of head is made up of K'M, the 
loss of the head of pressure (KM is drawn parallel to PP^), and of 
MO, equal to P'JST, which is the loss of the head of elevation 
If the pipe is horizontal, as in Eig. 520, it is clear that the 




,L 
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0 
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■, 


P P' 



Fig. 520. 



loss of head between the two points P and P' is entirely loss of head 
of pressure, and there is no loss of head of elevation. 

On the other hand, if water is flowing in an open channel, 



as in Eig. 521, the loss of head is entirely loss of liead of eleva- 
tion ; in fact, the water is not flowing under pressure. 

Another tmy of looking at the matter is as follows : — The water, when flowing 
in the pipe or in the channel, has to overcome the resistance of the pipe or 
of the channel, which means that the water has to do a certain amount of work, 
and tills ivork is proportional to the loss of head. Supposing, lor instance, 
that 1 lb. of water, in flowing through a pipe, loses 10 feet of iiead, then the 
work done by that pound of water is 10 foot-lbs. 

Wetted ficrimctcr. — In an open channel, or in the case of a 
jiipe not flowing full, the portion of the cross section of the 
channel, or of the pipe, wetted by the liquid (from E to E, Eigs. 
522 and 523) is called the wetted perimeter. It is also called 
the “ korderf 

JTi/dravJic mean depth. — ^The quotient of the area of the 
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fn> «* •• c tion (if til*' Ihniifl <li\i(kd l»\ the vttltd jKninetcr is calk«l 
iJn liNdntihi, nu in (N pth nml vill In' denoted bj I* 



}j 'Ji. ^.3 
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llie inoljon of n lijnil in n |n|>» is ihio (o Rnvitj niul if the 
\ ijn M(n i*« rfiellj Ptn •olli nnd ( Ifind no n.sjstf\nco, Ihc sclocitj 
woull nun !*• without Iinnt Ihit ns nlrtadj nienlioncd pijKs 
do off r a h '«t inc( dcimidin^ on thiir dnintlcr nnd on tin, 
fht* tif Oi-^jr «in r ‘‘iirOoi^ <o lint tin ithx'it), itnlcid of in 
cuKiii^ contmimlU. is hmitnl Mon-oxtr the >tlt)Cit) of tlio 
Inpn 1 IS not nmfonn tliroujiont the cross Ptclion of the pipe, 
1 nl IS gn ilc*it in iho Centre diminishing gndinll) nt first nnd 
then nj 1 lU towards the sid*^ (lose to tho sides tlio liquid 
deKsnolllow fniU.hut is dislnrlicd hj mnnerons snnll cddic^ 
It was fit one timo tliou^ht that mithor tlit diameter nor tlie 
slate of lilt stirficts liad ana intluciicc on tlio resistance, nnd to 
account for this it was sup|>o«ed that these tdihcs formed, ns it 
were, a liquid hiiiiif* to the pj>e 

Direr la*, Iiowracr, diown Ij mriii* of nn claliorato fcnes of expen 
mint* lint ihi'* a a w, title to IK I’ronj , »a crromoti* nn I has ul«o slioa n tint 
tlic im lal^c nmv! fn m coint inm„ cx|Hrimenta on inwa of large dnmettr 
but \Mtli ron^li nirfice*, juil ixpemnenU on tim wlb iqics but of piuall 
iliariulfr, nfi 1 llmt tl ( n«i<fan« off rail I \ llio rowglt Ftirfnce in the one fci 
InjjctiM to exaeth equal tl c rc*i4taiice ihie to tlio fnnll dinmctcr in tlie 
( lliir ^ t , »o that il nj jx-an I tint mill or the state of the surface nor tho 
diiiiu.t*.r had anj intluencc on the ia'«jetanct 

AItIioUj»h tins supposition is now Known to bo erroneous jet 
in innnj of the fonmil t m ‘,cncnl wjc for obtaining the disclnige 
of pipes, the c(T(.ct of the dinmcttr on the resistance is not taken 
into account, nor is nnj notice taken of the dcgi-ce of itnighness 
of tlio surface , pmcticallj this latter is of little nioinent, foi 
whatCNti the surface niaj lia\c been ongunllj it avill spcedih 
be coaered with sediment llicso formiilaj ate empirical and aie 



NOTES ON BUILDING CONSTRUCTION 


ha.secl on numerous experiments that have been made on the 
iiow of liquids in pipes. It should, however, be observed that 
these experiments, made at various times by different observers, 
are neither numerous enough nor were they sufficiently system- 
atically carried out to obtain results of scientific accuracy, 
although they may be good enough for practical purposes. 

We have to consider two cases of the flow of liquids through 
pipes, namely — 

1. When the pipe is flowing full and the liquid is therefore 
im])elled to move by the pressure of the head of liquid. 

2. When the pipe is flowing partially full. In this case the 
liquid is not under pressure, and simply flows down, owing to 
tiie slope of the ]npe, as it would in an open channel. 

We will consider each of these cases seirarately. 

IhSCIIAKGi: FROM A PiPE FLOWING FULL UNDER PRESSURE. 

As already mentioned, numerous formuhe have been proposed 
to find the discharge from a pipe, but we will only consider four 
and then select for future use the one best adapted for our pur]rose. 

Une of these, known as Eyldwcin's formula, is 

Y=10Sy.^xl_0-13 




(104), 
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.r 

0-004787 


i-so 


0-0786 


0-004787 X 1-29’ 

= 1-27 feet per second. 

Example 53. — Find the velocity in a pipe 1 inch in diameter, 100 
feet long, the effective head being 10 feet. 

By Equation 104, 


By Equation 105, 


V== 108 V'i X X ^0^ - 0-13, 
= 4-8 feet per second. 


¥=140^1 X ^ X X 

= 4-99 feet per second. 

By Equation 110, 

V = 


: 80 \/Jx 


^ 10 

12-^ TDTT) 


= 3-65 feet per second. 

Bj’- Thrupp’s formula (Equation 108), _i 


v=- 


0-004787 

0-0786 


0-004787x3-594’ 

= 4-59 feet per second. 


Example 54. — Find the velocity in a pipe 4 inches in diameter, 100 
feet long, the effective head being 1 foot. 

By Equation 104, 


By Equation 105, 


V= 108 ^/lXj4_x^- 0-13, 
= 2-99 feet per second. 


\ — 140 X X — 1 1 X X xw> 

= 3-0 1 feet per second. 

By Equation 110, taking C = 102, 

V = 102n/^XxVxt^, 

= 2-94 feet per second. 

By Thrupp’s formula (for cast iron. Equation 109), 


V = — 1=^ — X 

0-006752 > 


0-209 

“0-006752 X 10’ 

= 3-09 feet per second. 

Example 55. — Find the velocity in a pipe 4 inches in diameter, 100 
feet long, the available head being 10 feet. 

By Equation 104, 

V = 1 08 ^/fxyVxTVV -0-^3- 

= 9-73 feet per second. 
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Bfiuadon 105, 

V=140\/^x-jSx iVff"* '/i ^ ^ tVu' 

= 10 53 feet lor second 

E<2intion 110, 

V=102^Aix^VxV*, 

= & 31 feet per eecond 

Bj Thniiip’s formula (for ca'^t iron, equation 109), 

/I v- ♦ >"*2 

v_ U V MO 

0 000752 
0 200 

0 006752 X lOl’ 

= 9 79 ftct per «tcoiid 
Practical Formula (Darcy’s). 

It v-ill bo obsened that m all cases Darc}’s formula gives 
tliG lowest aclocitj, and practically it is better to under estimate 
the \clocit} than to 01 er*cstimatc it It is also a simple formula 
to use, ao that on the whole it is to be preferred to Thrupp s 
m cases whore great nccurac> is not essential, and it will therefore 
bo used to avorh out any further examples in this book 

The discharge of the pipt can of tomse easily be found as 
soon as the wra?! velocity is known, thus 

Disclnrgo in cubic feet per second = V x — 

or F= 0 785D^V (111) 

— ■n" 

Discharge in gallons per minute = 

or G=294D’’V (112) 

In practice, however, the question is generally to find what 
diameter of pipe is required for a given discharge, the effecti\e 
liead and length of pipe being known Combining equations 
110 and 112 togethei we get 

G = 294D'xC^5x? 
whence, by squaiing and simplifying, 

^ 1 /L G’\i 

® = 737(1 0=) 

D being expressed in /eei 

iL G^\i 

Oi ci= (114) 


'TT'D'’ 

= Vx — x 625 x 60, 
4 


when is expressed in inches 
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To obtain the fifth root of the expression in brackets, 
either logarithms can be nsed, or else a table of fifth roots, 
such as published in Molesworth’s Poclcct-Booh. 

Equation 114 can, however, be written 



Row 


depends only on cl, or, in otlier words, for 


every value of d there is a corresponding value of the expression 




L 


Table XVIII. gives the value of for various sizes of 


pipes, and also shows the diameter of pipe that should be practi- 
cally adopted to allow for the incrustation which takes place in 
water-supply pipes. 

Table XIX. is a similar table for larger pipes, tbe discharge 
being reckoned in cubic feet per second, and is obtained from the 
formula 


L 

ii 


F2 = C2 




( 116 ), 


where E is the discharge in cubic feet per second. 

These Tables simplify the calculations very considerably, as 
will be shown farther on. 


Loss of Head. 

On referring to p. 264 it will be seen that H is defined as 
being the effective head. In Eig. 524 A'G- is the total head, and the 



effective head AD is somewhat less, the loss being due to certain 
resistances which will be mentioned later on. It will also be seen 
that the effective head is equal to the loss of head between A 
and B, due to the resistance of the pipe ; in fact, the flow of water 
in the pipe is such as to produce this equality. 


LOSSLS Oi HLAD 
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lurther, if wq Know the lo'ss of htnd between two points 1’ 1' 
in the pipe imd tlie length of pij»c between these two points we 
can fimi tlit \cIocit) nnd the di«>thiroC 

'liie rtsi^tancc of the pi}H 5 ciu^ca b} fir the greatest loss of 
licad, but there nrc some iniiior produced ns follows — 

Tots of /(ffu? (hie to oufice of (ntnf — I lie orifice of entn 
ob'^tnicts to n certain extent the fi<»w of water into the lupe 
causing therefore n lo^s of head lliis loss depends on the foim 



cf the orifice, ns will rtadiK he seen fnun 1 ij,s 525 526 and 
527 , and it can lo found fiom the formuU 

H„ = \'‘xC (117) 

where ]I„ IS the loss of head due to orifice 

CssO 007840 for round onfites such us the end of the pipe 

ly 525 

as 0 000 1 14 ditto when splnscd or hell mouthed I ig 526 
as 0 01 184G when the pipe projects into the cistern (diameter 
innforjij) lig 527 

Example 60 — 1 iiiJ llie lo's of beat duo to a ronii 1 oulice projecting 
into a cisteni wl tii (he iniiu m.1ocU' hi llu pipe is 2 feet jer scLond 
1 roni the nho%c we Iiwe 

ir„ = 2" xO 0118-16 fta 
*s 0 06 feet 

Loss of head due to tclocxty — Tlie wntci in the ieser\oir or 
cistein IS at icst, and a certain amount of head is lost in causing 
the water to take up the \elocitj in the pipe, or ns it would he 
more scientificallj expressed, a certain amount of energy of position 
(winch is measured bj tlie head) has to be comeitecl into eneigj 
of motion The euerg) of motion is measured bj 

oiT 


Hence if be tlie loss of head due to xclocitj 

H,=;;^ = V"x 0 01=0 

64 4 


( 118 ) 
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Example -57. — Eind the loss of hsad due to a velocity of 2 feet per 
second. 

From the above = 2- x 0-0155 feet, 

= 0-062 feet. 


Loss of head due to hends and clbovm . — Every bend in a pipe 
causes a resistance and a consequent loss of bead, and elbows 'do 
so to a still greater degree. 

These losses can be found from the following formnlte, some- 
what modified from those given in Molesworth’s Pochet-Booh and 
in Hurst’s Pochet-Booh. 


Calling the loss of head due to bends 



Fig. 528. 


Hj, we have 

For bends B.^=^bAN^^ . (119), 

where 6 is a coefficient depending on 


the ratio, of the radius of the bend 
d 

to the internal diameter of the pipe, 
and A is the change in direction caused 


by the bend measured in degrees (see 
Eig. 528 ). Table XXT. will be found to 


give values of b for various values of -v- 
° d 


Example 58. — Findtlieloss of headdueto a bend of SO^ina pipe2"diameter, 
the radius of the bend being 3i inches, tlie velocity being 2 feet per second. 

1 "ft 3-5 

We have - = — =1-75. 

rt 2 

In Table XXI. u-e find for 

5=1-55, 6 = 0-000015, 

F 

and for 6 = 0-000013. 

AVe may therefore take 6 = 0-000014. 

Hence = 0-000014 x 30 x 2^, 

= 0-0017 foot. 

For clbou's H,. = c . V* (120), 
where c is a coefficient depending 
on the angle A of the elbow (see 
Eig. 529 ), and Table XXII. gives 
values of c for certain values of A. 

Example 59. — Find the loss of liead 
due to an clbou- of 30° when the velocity 
is 2 feet per second. 

From Table XXII. we find c = 0-001 1. Fig. 520. 
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Hence 


H.= 00011 xS* 
= 0 004 t foot 


Tho abo^e constitute all the minor losses of held, and as -will 
bo seen b) the following example, these losses, unless the bends 
uuT elbou s arc i ci) numerous, arc small in comparison u ith tho loss 
due to the resistance of the pipe, and can practically bo neglected 


Example 00 — Hunter is flowing at the rate of 2 feet per second 111 n 
pipe 2 diameter , find the lo«s of head due to the resistance of the pipe in 
100 feet length 

From Fqualion 110, 




= 93-^/ 


1 ) n 

4 L 


and Bubslituting, 


Eiuaring, etc , 


2-93^ ix^=jx 


lUO ' 


II 


_4x4x 12x100 
“ 93 X 2 ’ 

= 111 feet 


It IS thus clearly sliowii that the losses due to entr^, velocity, 
etc., arc m ordinary cases insignificant m comparison a\ith the loss 
duo to the resistance of tho pipe Of course if theie are a great 
number of bends and elbows it might he necessary to allow for 
the loss of head duo to them 


PRACTICAL EXAMPLES 

"Wc will now proceed to work out some practical examples 
Water Supply to a House (Intermittent Bemce) 

Example OL — A house is supplied with water on the intermittent 
6} stem 400 gallons is the quantitj of water Used per diem, and the water is 
turned on for four liours ei ery di} , and /Ions into a supply cistern The ball 
cock m the cistern is 30 feet aboie the mam xn the road, and the service pipe 
IS 120 feet long The head in the mam, at the junction with the service 
pipe, 13 40 feet Find the diameter of the service pipe 

At the tap the aiailable head, te the head of piessure less the head of 
elevation, is 

40-30 = 10 feet, 

and the required discharge into the cistern to fill it m four hours, 

400 , 11 

= 1 fa « gallons per minute 

4x60 ^ 

I)tame(er of pipe hy Darcy's fmmula — Hence substituting m Equation 
113, and tal ing C= 65 since the pipe will be a small one, 



272 


NOTES ON BUILDING CONSTRUCTION 


D- 


120 

To' 


1-G72 

G5‘'^ 


7-37 V 

7^ (i26'^) ’ 


or 


7-37 X 2 -03’ 
= 0'0517 foot, 
cl = 0‘62 iiicli. 

J." 


Adding 


Strictly the value C = 65 is for a pipe, and for a pipe 0’62 inch 
diameter C = 7 0 •would be a more correct value. It ■will be found by re- 
peating the above calculation ■with the new value of C that the diameter of 
the pipe is 0-052 foot, so that there is jn-nctically no difl’erence, 
to allo-w for incrustation, 

d = 0-72 inch, 

so that a jhpe would practically do. 

Diameter of piiic hy Table . — This result may be obtained more readily bj- 
the use of Table XVIII. "We have 


^ . G2= X 

H 10 
= 33-3, 


1-G72, 


And on referring to the Table it will 


be seen that 


is the nearest market 


size of pipe, allowing for incrustation. 

Tap. — It has tacitly been considered in the above that the tap in the 
cistern has the same bore as the pipe — a small reduction in the bore does not 
affect the flow very much, but if the reduction is at all considerable the Aon- 
is much impeded, as will be seen by the following. 

The data being the same, find the diameter required for the delivery pipe : 

1. When the bore of the tap is i". 

2. When the bore of the tap is 

3. When the bore of the tap is 

As in each case the discharge must be 1-67 gallon per minute in order 
that the cistern may be filled in four hours, it follows that the smaller the 
diameter of the tap, the greater must be the velocity of the issuing stream. 
If V is this velocity exqiressed in feet per second, the volume of water issuing 
in one second is 


or 


D2 

Vx — . 
4 


— cubic feet. 


TT X 6*24 gallons. 


And since G is the discharge in gallons per minute we have 

D2 

G = Vx— -XTTX 6-24 X 60, 


whence by reduction 


where D is in feet, or 


Y = 0-0034 X 


G 

D2 


Y=0-49 X 


G 


( 121 ), 


( 122 ), 


where d is expressed in inches. 
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Appl}ing E(juation 122 to the first case iintler consideration we ba^e 

y = 0 49 X »= 3 3 feet per second 

There inu^t therefore he BufRcient head at the tap to produce a velocity of 
3 3 feet per second The required head can he found from Equation 118, 
thus 

H,=:^-^esO 17 foot nearlj 
64 4 


The available head to force the water through the supplj pipe instead of 
being 10 feet, os before, is reduced to 

10-017 = 083 feet, 

but clearly this reduction in the head is not sutEcient to make any practical 
dilTerencc in the size of the pipe required 

In the second ca'c, when the diameter of the tap is only ^ inch, we have 


V-040x^, 

= 13 1 feet jHir second 


n. 


13 r 
’ 64 4 ' 


2 7 fcct 


Lct us «eo whether this greater reduction will make any difference m the 
8120 of tho pipe required We have, using Table XVIII 
120 

; X 1 67', 




10-27 


= 46, 

60 that a I pipe is «tiU sufilcient, allovnng for mcnistation 
In the third ca^e we have 


V = 0 49 X t=> 23 3 feet per seconcL 

The available head is therefore 

10- 64= X 6 teet 


Hence 


Tins number corresponds in Tible XVIII to a 1 pipe 

Bends — Find the effect of 10 bends of 90* each and 4 inches radiu® 

On reference to Equation 119 it will he seen that the smaller the diameter 
of the pipe, the greater is the resistance of a hend in it Therefore to he on 
the safe side we ought to reckon the resistance of bends vrhen the diameter of 
the pq e has been diminished by^ncrustation, or, in other words resistance of 
the bends should be reckoned on the diameter found to be required before 
incrustation has been allowed^ for IVom Table XVIII and al«o from p 
271 it will be seen that in the present instance this diameter is 0 6 inch 
nearly 

Befernug to Equation 119 we see that we must first find the value of 6 
BC — n T 
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Now 

Hence from Table XXI. 


6 = 0 - 000011 . 


We next require A’’ ; from Equation 


A. ^ 


1-67 


A^ = 0-49 X — , 

( 0 - 6 ) 2 ’ 

= 2-27 feet per second. 


Hence from Equation 119 

H„ = 0-000011 X 90 X 2 - 272 , 

= 0-005 foot. 

And for ten bends the loss of head will be only 0-05 foot. This loss of head 
is mucli too small to have any practical effect on the size of the pipe, and 
thus the opinion exjnessed at j). 271 is confirmed. 


Water Supply to a House (Constant Service). 

Example 62. — The water supply to a house is represented in Fig. 530. 
Find the diameter of the pipes in order that the tap at A may discharge three 

A-< N 



are open, allowing for incrustation. Find also the discharge from each tap 
when the other is closed. The available head in the main is 90 feet. The 
levels are shown thus+ 10 with reference to tlie main. 

To FIND SIZE OP BC AND AC. — The best way to proceed is to assume the size 
of one of the branches. For instance, supposing BC is taken as y diameter. 

Then, from Table XAHII., ~.G^= 5. 

Hence if we take L = 30 feet and G = 2 gallons, H will be the loss of head 
from C to B, thus 

„ 30 X 22 

■ ■ 

= 24 feet. 

Now since B and C are at the same level the available head at C ought 
to be 24 feet. 

In the pipe AC the water has to rise 19 feet, hence the available head is 

24-19 = 6 feet. 
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Hence 


:*3C 


So tint (Tnblc XVIIT ) ft £ * pipe m too Pimll nml a ^ ' is too big c have, 
however, iinile no allowance for the vanotia iiimor logics of lieail It will 
be well to See whether in this case they arc of snlTiciciit niagmtinlc to take 
into ft(. count 

iViHor 0/ hmJ — In the first place, if the pipe AC is connected to 

IID b) means of a T piece, as shown m Fig 531, the gcnervl How of tin, 
water will be along BIJ, as shown h) the arrows Consequently in entering 
the pipe CA then, vrill he a lo^s of heail tine to the change 111 the direction of 
the How, a part of which nia) he taktii ns the loss of head required to impart 
the V tlocitj m the pipe AC, hut, m addition, eddies arc formed (called gurgli- 
t i(ion) which cause another Joss of head, 
gtiicnllj taken as tirice that due to vclo* 
citv On the whole it is usual to reckon 
the loss ns f/(r« times that due to vclocit) * 

We must therefore ftr-t laid the vclo- 
citv — Supi>osnig a 5 ' I ipe is }»ro\i«ion 
nllj decideil upon, then we must reckon , 
the velocit> when the diameter of the 
pij^j h is been diniini«heil Iq incrustation 
trorn Table XA’III it will be «ccn that 
the diiiiini*he<l diameter is Obi ineh 
Hcncu frota L'qintion 122 



Fig 531. 


3 <» feet i>cr second, 
30 * 


V. 

and 

So that the loss of Iiead is 

3 X 0 2 » 0 G foot 

Hinds — will neglect the loss due to beuds , it must be small owing 
to tlie low velocity. 

Tad — ^T he tap, if enialler than the pipe, will cause a slight loss of 
head Supjiosing (hat (he bore of the (np is 4 , or 0 48 inch, making a slight 
allowance for incnistation, then to discharge three gallons per nimute the 
issuing V clocitj must be 

'■“‘’■‘"'‘(oW’ 

= C 4 ftefc per second 
C 4^ 

or II=;rrT=® 

C4 4 


But tbc velocitj in the pipe is 3 6 feet per second, which represents a head _ 
ot 0 2 foot as alre idj seen Hence the additional head leqimed to produce 
the issuing a elocity, or, m other words, the lo<s of head due to issue, is 
0G3-02»043foot. 

Totai. 5IINOR Loss OF HbAD — Altogether, therefore, we must reckon on 
a loss of head of 0 C + 0 43, 


' See Hurst a Architectural and Suneyoi s Ilandbooh 
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= 1 *03 foot, 

or say 1 foot. 

The available head is therefore reduced to 4 feet ; -we thus have 


li. G2 = — X 32- 
H ^ 4X3. 


: 45. 


It thus appears (Table XVIII.) that a f" pipe is the proper size. 

To FIND Size of CD. — We now liave to find tlie diameter of the pipe 
CD. We found that the available liead at C ought to be 24 feet, and there 
is a loss of head in the pipe CD of 10 feet, due to difference of level. 
Hence the available head is 

90- 10-24 = 56 feet. 

Therefore ^ x (2 + 3)- = 45, 

H 56 

which corresponds to a pipe. 

Since the pipes AC and CD are both of the same diameter, the joint at C 
would be made as shown in Fig. 532, instead of as in Fig. 531, and this would 

iwevent the loss of liead of 0'6 foot, and 
the lo.S3 would occur in the V' pi^ie. 

Eeferring back to p. 27 4 it will be seen 
that the diameter of the jiipe BC was 
assumed as i". Had a larger diameter 
been assumed the loss of head in BC 
would have been less, so that the available 
head at C producing the discharge in AC 
would also have been less, and conse- 
quently this pipe would have to be made 
bigger. On the other hand, the available 
head in CD would have been greater, 
hence this pipe would have been smaller ; that is, the service pipe would be 
smaller than the branches, which is not adAUsable. Thus the arrangement 
Avorked out is jiractically the best. 

To find the discharge from one lap rohen the other is closed. — First, when tap 
A is open, it is clear that the available head is 90 — 29 = 61 feet, or, allowing 
for the various minor losses of head, say 60 feet. 



Hence from Table XVIII. 

L 100 + 20 
H 60 


xG2 = 48. 


Thus 




or G = 4-9 gallons per minute. 

Wlien tap B is open and tap A closed, we have to deal with two sizes of 
pipe. Let Hj^ be the head at the point C, then 90 — 10 — H^^ will be the 
aA^ailable head in the portion CD of the pipe. Hence for the pipe BC 

J.G2 = ??-.G2=5 . . . .(«), 


H 


H, 


and similarly for the pipe CD 

H • 80 - H, 


. G2 = 48 


( 6 ). 


Now the discharge G is the same in both piipes. Hence, dividing Equation 
(a) by Equation (b), 
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or 

whence 


30 Sir, 

100“48^80-IIj)’ 

3 X 48(80 - H,) = son,, 
„ 3x48x80 

»* 59 5 fccL 


Inserting this \ i\uc iti £qnfttioii (a\ 
5x505 


G2= 


30 


= 9 9, 


or 0 «= 3 1 5 gallons per imnute 

Of course >\i. oxiglit to get the fame result from Equation (5), namely— 
48(80-69 5) 

100 


G2 = 


»0D 


Wator Supply to Eight Houses in a Street. 

Example 03 —Z’lj/it Aei/««, iw fliown on plan in Fig 533, arc to be 
supplied njlh Mater from a hnntli main connecteil to tJic mam at llie point 
Fig 533 



Fig 531. 

A The lerels of the branch mam are ehosm in Fig 534, and each hon«e is 
fitted up as in Example 62 Find the diameter of the branch mam 
capable of euppljing each house approximately with 5 gallons of water per 
minute 

On referring to Example C2 it ariU he seen that the highest tap was 
29 feet above the mam, that it was connected to the mam hy 120 feet of f ' 
pipe, and that tlie dischaige from it was 4 9 gallons per minute when the 
head m the mam was 90 feet It will als) he seen tint the discharge is 
almost the same w hen both tajw are runnmg IVe will therefore ignore the 
low er tap m the present example 

Size of Main — Half the taps opened simultaneously — It is very un- 
likely that all the houses will require water at the same time, and a very 
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safe assmni)tiorL to make is that half the number of houses require the full 
amount of %yater at the same time. Siq^jmsing, therefore,- that the upper 
taps in houses 1, 2, 1', 2' are opened simultaneously and that an average 
of 4'9 gallons is running out of each, then, from Example 62, the head 
at A 2 must be 61 feet more than the height of the ta23, that is 

61 + 31 = 92 feet. 

Hence the available head in the portion AgA of the branch main is 

92-5 - 92 = 0-5 foot. 


Again, tlie discharge at Ag must be 

4 X 4-9 = 19-6 gallons per minute. 

, L . 

Hence the value of the expression g • is 


600 

"+5 


X 19-6'^ = 460,000 nearly. 


And referring to Table XVIII. it v-ill be seen that a 4" jiijie is the nearest 
market size, allowing for incrustation. 

Theoretically the branch main ought to be made to diminish after the 
junction to each house, but the practice is to maintain the same diameter, for 
some distance at any rate. 

All upper taps opened simultaneously . — As an exercise let us inquire what 
the discharge would be supposing all the upper taps were open. Although 
it may appear paradoxical, the discharge from each tap will not be very much 
diminished. The direct solution of the question, however, leads to several 
cumbersome quadratic equations, and the best way is to work by approximation. 

Thus as a first approximation let us suppose that the average discharge 
per tap is 4-0 gallons per minute M'hen all the taps are open, then the dis- 
charge at A^ must be 

8x4 = 32 gallons per minute. 

Now from Table XYIII. we have for a 4" pijie 

=:. 6 ^ = 420,000. 
xl 

Hence 

120x32- 
“ 420,000 ’ 

= 0-29 feet, 

which is the loss of head between A and A^. Hence H^, the head at A^, is 

92-5 -0-29 = 92-21 feet 
since there is no difference in level. 

The discharge from the tap in house No. 4 -ndU therefore be 

48 X (92-21 - 29) 

~ 120 ’ 

or 64 = 5 gallons per minute. 

It follows that the discharge at Ag will be 

32 — 2 X 5 = 22 gallons. 

Hence 

240 X 22® 

420,000 

or H 3 = 92-21 + 5 -0-28, 

= 96-93. 



WATER SUPPLY TO A GROUP OF HOUSES 


279 


Therefore dtscharj^c m liou»c No 3 w 

r a <8(0fi 01 -S<) 

•» “ 120 » 

or Oj es 6 J gillona |)cr miimte 

The di«charge at Aj therefort. he 

£2-2x0 I=ill2 


lienee 


„ 240x11 2* 

420,000 

IIj = 9C*93-7-007, 
*«=89 6C 


lienee tlj^chirgo in hoii'c No 2 will he 

48^8 0 8 C-31) 

’ 120^ ’ 


G,*. 


G => 1 fl iieirl} 

W’c *till hiNC llie <h*c!mr,;:e from house No 1, so lint clearly the original 
aMumilum of 4 gallons per imnute h coiisKlcrihl) loo small 

As a soeofifl irnl ao-uene 4 0 gallons as the aieragc tli«ch3i;ge of each tap 
per minute, then rojxatitig the nfiorc calculations we will find 
ir^«02 5-0 44«92 00, 

= 5 gallons 

If, -02 004-5-0 18-00 58, 

0, — 5 4 gallon* 

Ifj-OC 68-7-0 19-60 39, 

Qrt - 4 9 gallon* 

11^-89 39-001-80 36, 

Oj-4 8 gallons 

rnclicallv, therefore, we get the same aalnes as we did before, when onlj 
half the number of 4aps were running, and the rcn«on i«, that a small alteration 
in the head produces a considerable alteration in tlio discharge of a 4 
pipe, hut no practical difference in the discharge of a | pipe 

As a further exen:i«e let us find the di«chargo m the pipe connecting 
hoifc No 3, when onl) the corresponding taji is opened "We haae for the 

S'r'P” ‘is(n,-2i) 

" 120 ' 

and for tlio 4 jiipo ^ ^ 420,000(92 S + 6 - HJ 

’ “ 240+120 


420,000(97 6 - HO 
48(H3 - 24)- ! 3", 

„ 420 000\ 420,000x97 5 

113(48 + — 5 -)-, 5 + 


Hj=97 6 aerj ncarlj, 

that 13 to saj, that the flow of water from A to H3 is so little, that there is no 
appreciahle loss of head Therefore 
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48(97 5-24) 
120 ' 


G 3 = 5‘42 gallons per minute. 

When the pipes are new, the discharge will of course he greater, for 
instance in the last case, since the corresponding value from Table XVIII. 
for a pipe 0’75 inch diameter is 117. 

117(97-5-24) 

m ' 

G'g = 8-4 gallons per minute. 


Discharge fkom Pipes flowing paktially full. 


It has been shown by experiment that the mean velocity of 
flow of a liquid in a pipe is roughly proportionate to 

where E is the mean radius or hydraulic mean depth (see p. 262), 
and S is the slope of the pipe (see p. 264). 

An approximate formula would therefore he 

V = CV^ . . . (123), 

the units of measurement being the foot and the second, and C being 
a constant. Different values have been ascribed to 0 by various 
experimenters as follows ; — 

Beardmore . . . 95, 

Downing . . . . 100. 

But Darcy makes C vary according to the diameter of the pipe, 
as in the Table given at p. 265. 


Neville’s formula — namely, 

V = 140V^-11^SS . ' . . (124) 

— is considered to be more accurate, but as in practice the choice is limited 
to certain sizes of pipes, the additional accuracy is not worth the considerable 
complication introduced into the calculations. 

The student will observe that these formulse are similar in form to those 
given for pipes running full under pressure. Now for a pipe running full 


E = 


7rD2 \ D 

4 ^^^^'4’ 


and S = :p. 

Jj 

So that 


4 • L’ 


from which it will be seen that the formulaB for pipes running full are a 
special case of those now given. A distinction must, however, be made 


PIPES FLOWING PARTIALLY FULL 


the hoiii of A\ nter clu i(le<l hj the 

length of the pipe, Mhercna S is H 

the slope of the pipe, ami laiy 1* 

,115 at different pomK Tim, m i 

53S “ “ic pipe were running ' ■■ — 

fuil we Mould hate to substitute ^'S ®35 

z — for V- m Equation 110, ami the adocity of the water nould be the 

same throughout the pipe , but if the pipe were onlj partiallj full, then for 
the portion AB 

®=ii, 

and for the portion BC 


© and the velocity would be greater m BC than 
in AB 

Darcy’s formiila — For the same 
reasons as those git en at p 207, Darc} 's 
formula is preferred, and will be used 
in working out examples 

To find the discharge we must multiply 
the \clocity by the area of di^cliaige Let 
A he this area, then 

F,g m F = A C^/RS (125) 

To find A in circular pipes ne must sub 
tract the area of the triangle NKM (Fig 536) from the area of the sector 
KKII, thus— j j," j)3 


/r-^ _6m<#>\ 
_4V360 2 A 


These C’^pressions are given to show how the discharge could 
be calculated if necessary, but in practice what we require to 
know in connection witk drain pipes is whether, when conveying 
the average quantity of sewage, the velocity is sufficient to keep 
the pipe clean, without flushing' Of course the size of the drain 
pipe depends on the maximum quantity of liquid to be convej ed 
Velocity — The question therefore is, knowing the diameter of 
the pipe and the discharge, to find the velocity We ha\e from 
(123) 

1 See p 283 
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But 

A 

P — p> 

where P 

is the wetted perimeter expressed 


A = v- 

Hence 

w=c=.A,s. 

or 

' — T> 


Furtlier, 


( 128 ). 


Now we do not know P, and we must therefore assume a trial 
value and tlins we obtain an ajjproximation (V^) to V. But 

P = A Y 

where is the corresponding value to P^ obtained from Table 
XXIII. 

If is greater than F, then is also too great or P^ is too 
large, and mco vcrsd. Two or three trials ought to give a suf- 
ficiently accurate value of y. 

Bsample 64. — A 15-incli drain pipe, laid at a slope of is discharg- 
ing 0‘2 cubic foot per second. Find the velocity. 

Assume = O’G x D, 

= 0-75 foot. 

1 102 X 0'2 

Then from Equation 1 2 8 = Q.yQ - 

or Vj^ = 2*5 feet per second, 

p 

But from Table XXIII. the corresponding value of A^ when =- = O'G is 


0-034 X D2, 

= 0-053 square foot. 

Hence F^^ = 0-053 x 2-5, 

= 0-132 cubic foot per second, 

so that clearly P^^ is too small. 

Assume as a second trial 


Then 


P 2 = 0-7 xD, 

= 0-87 foot. 

_ 1102x0-2 
2 ~0-87 X 200’ 


OT V 2 = 2-4 feet per second. 

But A 2 = 0-052xD2, 

= 0-0813 square foot. 

Hence F 2 = 0-195 cubic foot. 

Vg is therefore a sufficiently near approximation. We ■will, however, try 
tlie next value of P from Table XXIII., namely — 
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Find what size of pipes should he used, and whether any arrangement 
for periodical flushing ought to be provided. 

AVe will work out this example by means of Tables XIX. and XXIII. 
Tift BG , — For the maximum discharge we have 
F = 4 cubic feet 2''er second. 
ri = 4-*7-l-6 = 3T feet. 

L=320 feet. 

Hence 

= 1G50. 

On referring to Table XIX. it will be seen that this number corresponds 
to a 12-inch pipe, and that this pipe will run very nearly full when dis- 
charging the maximum quantit3\ 

To find the velocity of discharge we may consider that the i)i25e is 
running fuU. The discharge in that case can be found from 

L „ 

jj-F==1850, 

I80O X 3T 

F- = 


or 

Hence 
or, since 


320 ' 

F = 4’23 cubic feet 2>er second. 

y , = 4*23, 

4 

D = 1 foot, 

4-23 X 4 
~ w X 1- ’ 


= 5'4 feet per second. 

The velocity is therefore well above the limit for flusliing. 

Next, to find the velocity when the average quantity of sewage is being 
discharged. Proceeding as in Exam2de 64, assume 

P = 0-8D, 

C = 109’5 for a 12" 2 dpe, 

, 109-52 X 0-2 X 3T 

V 


then, since (Table J.) 
from Equation 128 


0;8 X 1 X 320 ’ 

A^j = 3-07 feet per second. 

Hence, since (Table XXIII.) Aj = O’OV 

Fj = 0-075 X l^x 3-07, 

= 0-23 cubic foot. 

This is a sufficiently near approximation, and since the velocity is a 
little over 3 feet per second, there is no necessity to make any arrangements 
for flushing. 

Pipe BD . — For the maximum discharge we have 
F = 3 cubic feet per second. 

H= 13-8 -1-6 = 12-2 feet. 

L = 416 feet. 

Hence 


.F= 


416 


X 3“ = 307. 


H'* 12-2 

On referring to Table XIX. it will be seen that a 9" pipe vdll do. 





JZGG^SIIAPCD SEWER 


=£,m-=S,o=k. 



Fir 5i2 


In tlic present ease wa mn i, in tlio fir«t place, cii«nrc tint the ‘sewer 13 
large enough to cirri the nnximum di^clnrgc without ninnm^ full We 
ln\e alrcad) seen that n circtihr piiwof 24 inchoi is rLquin,<l,anil it will ho 
near tnougli for pnctical pur|H>'Cs if wo iinkc ilie area of the egg «lnpcil 
fcncriqualto tint of the circular rower. Nova Djt area of an egg «haj>cil 
stwer of tin. form given aho\». cm he fouml from the formuh 

Areas 0 025 X K® (129) 

And the area of a circle 2 Act iii diniiictcr is 
3 1 1 square feet. 

lienee 

0 525xK’s'114, 

Ks 2 45 feet 

Therefore the depth can he taVen as 2' 6 ' lienee Is = 1 0 , M = 1 ' 8' , and 
appljing lho«o dmicnMons we ohtnm the sewer shown in Tig 54 a 

Lut us now see to w hat extent the aclocitj 13 greati.r ih in w ith the 2 foot 
drain pipe when the average <h«charge is /loiving The quantit> flowing 
being small, it will probvhl) not n«c above the invert, so that we may regard 
it as flowing m a 10' pipe bupi>osiiig that 
10 

ri=i2x-, 

. 109'’x022xlCxl2 

then = 


and 


12x10x1283 
V.-15, 

10 

ri=15x0 203x— , 

= 0213, 

which IS a verj close approximation, and thus vve sec that the velocity is only 
verj slightlj increa«ed 

hy Neville's formula — To check thi3 result by using Nei die s formula iro 

have 

10« 


•203 X 


Il=- 


12 * 
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Ilcncc 


Y=1.10 


J 0 - 1 -: 


lx — “ n 
i2sa 


=i-sr.- 0-G2, 

= 1 ‘23 feet i>cr sccoiifl. 
The results Ihorcforo ngroc fairly well. 



0-M X 


J-O 

1283’ 


It appears therefore that, at any rate in this case, an egg- 
shaped sewer does not increase the velocity to any material 
extent. 


JJilTS. 


It is sometimes necessary to know, in connection with fount- 
ains and hydrants, tlie height to whicli a jet of water will rise. 

Wlien a stone is tlirown vertically into the air it rises to a 
height depending on the velocity with which it was thrown. If 
the stone is not thrown vertically, hut at an angle, it will describe 
a curve depending on the velocity and on the angle of elevation, 
i.c. the angle at which the stone is thrown. In the same way a 
vertical jet of water will rise to a height depending on the velocity 
with which it issues from the orifice (or nozzle), and an inclined 
jet will describe a curve depending on the velocity and the angle 
of elevation. 


Now it is shown in hooks on dynamics that in the case of a stone thrown 
vertically, and neglecting the resistance of the air, the height to which it will 
rise is given by 

h = 

If the stone is thrown at an angle, then the cun-e described by it is repre- 
sented by the equation 

y = xta.nO -IG'l :. N ■- .. ■7.,, 

Y- cos- U 

where Y is the initial velocity in feet per second, and 6 is the angle of eleva- 
tion, as sho\ra in Fig. 543 . 


G4-4’ 


(130). 



Fig. 548. 


To find the range, or the distance from 0 where the stone strikes the 
horizontal plane, that is OA = R, put y = 0, then 



JLTS 


2 S9 


tin Ir 


or emtJcost? (131) 

rnrthcr, to fiml llic greatest hciglit the stone rises to, or BD, put y= then 

IC 1 

BU=»/i^n,ax)“ 2 ^j -3 tan ^sm t?co3 1? — sin 2 t?cos‘’ 0 , 


cr 


W ) — ciir 


(132) 


These fonmilto nre applicable to jets projected tn tacuo, and 
to innlvc nllowaiico for t!ie resistance of the nir the simplest in ay 
1$ to ninltiidj tlic iiiitnl iclocitj hy a rcihiciDg factor, or, in other 
wortls, to calculate the path for a less initial velocity than the 
actual 

The result is not quite accurate (sec Fig 544), but is 
near cuotigb for practical purposes Tlic reducing factor dimm- 



t Pull xtlxtty 
s Jttdueed xtlMity 
9 Actual path 


Fig 544 


islies as the ratio of tlio diameter of the jet to the head increases, 
and can be found from Table XXIV , irbich is based on experiment 

Example 07 — A jet of water js issuing from a 4 inch nozzle with a 
iclocitj of CO feet per second Find 

(a) 37i« height to which the jet will rise when it is thrown lerticallj 

(b) The distance to which the jet will reach, and the greatest height it will 
attain, when tlirowTx at the angles of 15* and 55* rcspectiielj 

A lelocity of GO feet per second corresponds to a head of 
GO’ 

n = — = 56 feet 
04 4 


Hence d being diam of nozzle - t“ — 5 — ^=1350 

We cm therefore tihe (see Table XXIV) 

J = 091 


Consequently for case ( 0 ), from Equation 130, 




(0 91 X 60)^ 


DC 1\ 


64 4 


U 
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i 

a- 


V 


;1 


— r It should be observed that if the jet is perfectly ver- 

tical, and there is no wind, the water falls back on the jet, 
and thus reduces the height as shown in Tig. 545 . 

Again for case (i), when the angle of elevation is 15", 
we have from Equation 131 

(0-91x60)- , 

E = — sin lo X cos 1 o , 


16-1 
= 46 feet; 

and from Equation 132 

, (0-91 X 60)= sin= 15° 


:-l- 


rie. 


= 3-1 feet. 

La.'tly, when the angle inclination is 55°, we have from 
Equation 131 


^ (0-91x00)"- . 

K = sm 00 X cos u5 , 


= ST feet ; 


and from Equation 132 


'(nifis.) ■ 


(0-91 X 00)- 
64-4 
= 31 feet. 


X sim 55°, 


h^innrj vclocifi/ of a Jet . — We must now see how to obtain 
tlic issuing velocity of a jet. If the noz?Ic ofTcrccl no obstniciion 
to the issuing .stream of water, it is clear that the a-clocity wouhl 
be tiiat due to the head at the nozzle ; but the nozzle doe.s ofler 
an obstruction, or, in other words, causes a loss of head, tlie 
amount of which depends upon the shape of the nozzle. 

The reduction in velocity caused by tlie nozzle has been 
a-ceiiaincd by ex]ieriment as follow-s : — 

A well-shaped nozzle, such as the one shown in Tig. 
t'-duce.s tile velocity (0 

O'bT X velocity due to the liead. 
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A converging nozzle, as in Pig 547, reduces the velocity to 
0 94 X \elocity due to head 

And a cjhndncal nozzle, as m Pig 548, causes the follo^ving 
reductions — 

"When the diameter is 


to \ length 


081\ 

0 77 I llultiplieJby 
- _ ^ > velocity due 

0 73 ( toi4d 
0 G8 ) 


Ihe reduced \elocity obtained bj applying the above is of 
course the initial velocitj of the jet to be used in finding the 
Ijciglit or the range 

Hzaznplo 08 — A nozzle for a vertical jet is connected to the end of 
a 1" pipe, 300 feet long Tlie head at the farther extremity of the one inch 
pipe IS 100 feet, and the nozzle is 10 feet higher than this point Find the 
height of the jet and the quantity of water that will be discharged 

Let V feet per second be the mean velocity of the issuing jet of water , 
then if G is the discharge m gallons per minute, we Inve from Equation 122 

G.Xf, 

40’ 

»2 04xtVxV, 

127xV 

Now if the nozzle 15 of a good shape (see Fig 546) the velocity due to the 
head at the nozzle will ouly be greater than V Hence if H is the 
head at the nozzle / V \- 

Wt) 

or =60 711 


or G^=097H neaily 

Again, we have from Table Will for a 1 pipe, allowing for incrusta 
tion and remembering that the nozzle is 10 feet aboie the farther extremity 
of the 1' pipe, 

ncA 100-10-H 


Hence 0 97H = — X 90 - H, 

JOO 300 

or H = 41 7 feet 

The ratio of H to the diameter of the nozzle is therefore 
^ 1 ^ = 2000 

Hence by interpolation from Table XXIV the factor J is 0 82 And since 
from the abov e equation 
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^ve have 


Y'^=60-7 X 41-7, 

^ _ (0-82)= X 60-7 X 41-7 

' 04 ^ 

= 26-4 feet 


or 


Lastly for the discharge ire have 

G'= = 0-97 X 41*7, 

G = 6-3 gallons per minnte. 


Water Supply for House and Jet. 

Example 69. — A jet, to rise to a height of 30 feet above the nozzle, 
is required for an ornamental piece of water. The water is to be obtained 
from a reservoir which is also to supply the house, the arrangements for 
which are the same as in Example 62. The various lengths and levels 
are given in Fig. 549 . Find the diameters of the pipes that will be required, 
and also how much higher the jet will rise when no water is being supplied 
to the house. 

We must first find the head required to produce a jet 30 feet high. To 
do this we require to know the issuing velocity. 


Reservoir 



The head required at the nozzle will be about 40 feet, hence the ratio of 
tlie head to the diameter of the nozzle is 

II 40 X 12 X 8 , 

- = nearlv, 

d 3 

= 1280. 

So that, refeiTing to Table XXIY., it will be seen that the factor .1 can be 
taken at 0‘90. Hence if Y is the issuing velocity by Equation 130 

64-4 ’ 

or Y = 49 feet per second nearh'. 

If the nozzle is well shaijed, tlie velocity due to the head will be 
49 

= 50*5 feet per second. 

0‘9 i * 

Hence the head refpiircd to produce a jet of 30 feet with a good nozzle 

‘^■=3 39'G feet. 

G4-4 

It is to bo ob=cr%’cd that the head n«sumed (namely, 40 feet) for the 
purpoiu of calculating the factor J is very nearly the calculated head. Had 
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there been nny consulcraUc tljflcrencc the calculated head would Ime been 
looked upon as a fir®t approximation, from winch a more accurate \alue 
of J could hat c been found 

The next step is to find the dwhirgc from the jet, which will be, from 
Equation 1 22, 

2 04 y 40 X 3* 

0 ss Z 14 (^llons per minute ncarlj 

On rcfcrniif; to Example C2 it will be seen that a head of 90 feet 
IS rcquireil at the i»oint E to obtain the necessary water supply to the house 
lienee the aiailablc head from E to A is 

90 + 12-39 C, 

>=C24 feet 

Aiqdjinp’, therefore, Table Will nc liare 

“^’= 785 , 

624 * 

and to this number corresixinds a 1^ pipe 

To find the diameter of the portion BC of the pipe w c Imre the available 
head 112 — 00 -12 = 10 ft (.1, and the discharge is 14 + 6s*19 gallons per 
minute. lEncc 

5700x _ 10« _ 200,000 ncarlj, 

a number winch corresponds m Table XVIII to a 3l inch pipe 

Tlic jet will not be cxactU 30 feet high, bccau«c tbc available diameters 
of pipes arc not quite tho*c required to protluce a jet of this height under the 
conditions given Working backwards we find— 

Lo«s of head from C to B, 

5700_xl0^0 0fco,, 

208,000 

and the lo«.s of head from B to A w ill be 
250x 14- 


810 


60 5 feet 


Hence tbc head at A w ill be 

112-99-605 = 41 0 
Tlie vclocit) due to this he.ad is 

1 1 6 X 64 4 = 61 8 feet per second, 
hence the iiming aclocitj wiU be 

51 8 X 0 97 
0 90* X 60 3* 


Therefore height of jet= - 


64 4 


= 50 3 
31 9 feet 


Vlien no water is being supplied to the house, the jet wnll be a little 
Iiigher In tins ease tlie loss of head from C to B 
6700x14* ,, , 

“ 208,000 

Hence the head at A will be 

112-54-605 = 461 

Tlie ratio of the head to the diameter of the nozzle is 
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It* r.'-i- j'n m XXIV. the mine of J >5 about O'Sl). 

'I'i y*r.' tii*' Iseight of the jet veil] bo 

4G-1 X (0-07 X O-SO)- ^ 3 1-3 feet. 

Btri.tly a s-lielit correction ought to be made, because the issuing velocity 
of j' t !■ ditrhtly increased. Hence the discharge vill be greater — con- 
- ■•lu* iitly the lo- <if head somewhat greater than calculated above ; but tlio 
f>rrmi]a) u-yl are only approximate it is not worth while going into such 
?.!■'» ti' =. 



APPENDICES. 

APPENDIX I 

Pactors of Safety, 


The following Table •Imwa the Victors of Safety rccominen led b} rations 
eminent onpineors for np|>hcntioii in tcicnl ca«cs that ariec in practice 


1 

VMareofStmeturr 

Satan of f/OAi 

taetor 

of 

Safetj 

remarks 


Cant Iron. 




li 

r^nfral 

IVal 





lira or ttrflng 


Strew of one k/nd only 




10 




tarylne with ahocti 

Ij 

of different kinds 



IVal 



U 

GlrJei^ 

U«o 

<)to8 


11 

Drat 





lira 



S 





h 

ITawrUnV* 




H 

nibr* 




a 





n 

trtosxm ibock 


10 



brought Iron 




tr 

0<ntnl 






riTeornryfns 

5 

Stress of one ktni only 





Eijoal altenata atreasea 



tanrlnK with ahocka 

1-* 

ofdiirerentknda 











H 

OlMcn 

Drat 

S 


H 



6 


U 






Jifrrtr'IiojnM 

Deal 

4 





4 


H 

Ttmlon an 1 cowj>rt«Ion l«\n 

LIt« with abocka 

C 






Accordlhe to tironortldn 


CompPMston ban 

DraiJ 


of length to least dla 


Bteel 



.ucU. 

V 

GcJirn! 

Pni 

S 




Lire as<l rarying 

S 

Stress of one k nd only 








a aryiDC and ahocki 


of difTerent kinds 



Deal 



ll 



4tnC 


0 

BriJg^s 

Uizcii 

4 



Timber 




B 

Ceii«n»l 




U 


Ure and yarylng 

JO 

StKss of one kind only 






U 


Varying and abodes 

io 

of d fferent k nds 


Ftp«w 1 to weatl cr 

Dead 

10 


u 



8 



For tcmjHiraryjmrjiosea 


4 



Srlckworlc and Masonry 




tr 

Ocnernt 


«o 





SO 


n 



4 to 10 



Arcl es 


20 



B Boarti of Tra<le 0 Oommlsslonen B Bankiae 8 Btoney S3 ShalerSmtli. U TTowla. 
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The Factor of Safety determined upon for any particular case will depend 
upon what is accurately known of the strength and quality of the particular 
material to he used, upon the importance of the structure, etc. 


APPENDIX II. 

Note on Equilibrium. 

"When the forces acting on a body lie in a plane, there are three conditions of 
equilibrium, namely — 

1. The algebraic sum of the resolved parts of the forces along some straight line 
is equal to zero. 

2. The algebraic sum of the resolved parts of the forces -along another straight 
line perpendicular to the former is also equal to zero. 

3. The algebraic sum of the moments of the forces about any point is equal to 
zero. 

By the resolved part of a force along a straight line, is meant the effect the force 
produces along that straight line. Thus if a force is parallel to a straight line, the 
resolved part is equal to the force ; hut if the force is perpendicular to the straight 
line, the resolved part is zero. 'When the force is inclined, the resolved part is equal 
to the force multiplied by the cosine of the angle included between the direction of 
the force and the straight line. Thus the resolved part of X along AB (the direction 
A to B being taken as positive). Fig. 29, is + X cos 9 and the resolved part of Y will 
he - Y cos 4). 

By the moment of a force about a point, is meant the magnitude of the force 
multiplied by the length of the perpendicular dra'wn from the point to the direction 
of the force. The moment measures the power the force has of turning the body it 
is acting upon about the point ; and if one direction, of rotation (say like the hands of a 
watch) be taken as positive, then the reverse direction will be negative. Thus in 
Fig. 29 the moments of the forces X and Y about the point Pwill be-X« and +Y&. 



Fig. 29. Fig. 30. 

As an example, lot the conditions of equilibrium be applied to the case of a ladder 
resting against a wall shoAvn in Fig. 30. 

Eesolving horizontally, II3 - Ri = 0, 

, , verticall}', Ko - "W = 0, 

Moments about A, E; x 0 - K3 x 0 + "W x a - R, x i = 0. 
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Trotn vrliicli it appears, I y Bolving these three njuations, that 



«.=? « 

Poinclimcs a solutionis arrival at sooner by taking moments about more than 
one |>oint, instead of resolving 

APPEN'DIV III 

To draw a Parabola. 

Suppose the object to be to fiml the curre of bending moments for a 
S^an 



Fig 55l 
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imifornily loaded beam. The data given are the two points of support AB 
(or, in other words, the span) and the maximum bending moment at the centre 
CD ; that is, tlie three points A, B, and D (Fig. 550 ) are given, and it is 
required to draw a parabola through these three points. 

Produce CD to F, making DF = CD ; join AF and BF. Divide AF and 
BF into an even number of parts by repeated bisections, and number the 
points thus obtained as shown in Fig. 551 . Then join 1 , 1 ; 2 , 2 ; 3, 3 ; 
etc. etc. These lines are tangents to the required parabola, which can then 
be drawn in. (The parabola has not been drawn in the figure, as it would 
confuse the construction, and the tangents sufiiciently indicate the shape.) 


APPENDIX IV. 


To show that the Neutral Axis in a Beam passes through the 
Centre of Gravity of the Cross-section (see p. 44). 


For a rectangular cross-section. 

Let I'o be tlie stress in tlie outside layers of fibres (o'q orp'r', Fig. 62 ). 

d, the depth of the beam. 

X, the distance from the neutral axis of any layer of fibres situated above 
the neutral layer, sucli as c'd'. Fig. 62 . Aa; the thickness of the layer. 

h/Sx, the area of this layer of fibres (b being the width of the cross-section), 
x' and hlSx' the same for a layer such as e'f. 

Then the total tension over the cross-section of layer c'd' is, by assump- 
tions 2 and 3, p. 44, 


~ X ro6Aa;. 


Hence the sum of the compressions above the neutral axis 
and similarly the sum of the tensions below the neutral axis 

= ^^hx'Ax'. 
d 

But for equilibrium the tensions must be equal to the compressions. 
Hence 

2xAx — 2 a;' Aa:' = 0 . 


If now X be the distance of the centre of gravity from the neutral axis, 
we have, by taking moments about this axis, 

x{b2Ax 4 - 62Ax') = 62a:Aa; — 62a;' Aa;', 

= 0 . 

that is, ^ = 0 , or the neutral axis passes through the centre of gravity. 

The same reasoning can be applied to a cross-section of any shape, with , 
the difference that the breadth of each layer, instead of being constant, varies. 


APPENDIX V. 

Diagrams of Shearing Stress. 

These, for beams supported at the ends, are often differently arranged 
from those given at pages 58 to 60. 
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Ih ijnT)\ i» one dirccliozj, thus ^v(-, 

fin cnUotl j-o/ifirf, tijul tho«c acting m \lio otlicr direction >1 fv nf^atiie, or 

t 1 « IVTiRI 

Tlic iln^ntn < f poMlni. ilirinng ftrws is shown on one side of the line 
nriTN'fitJU,' tin an 1 thit for the negntnc sheanng stress on the other 
TIjih in Iv j*. 173 which rrjfc<cnts Ihfl shearing stress c-rnswl h^ an 
iimr 'inl) ihitnl ilr*l Ivil, tl 0 ihagram for tl»« sin snug »trcs.s of this direction 
li l<low the hnr, tl at f r tin* *!i anng strevi » alwio the line rej relenting 
I) c Isam, imlcid of llio whole tlngrani of shcanno stress Uing heJoir the line as in 
1 tg to, i\ S'* 

1 255 !». 167, is similarly arrange,! fra thstnhiitrd an I a concentrate I Ion I 
liolh ilLigni IS fro n \ to I) l*cing Wlo« the line, and both from U to B aboie the 
line instea 1 of l*ring M in 91,1 f>** 

‘'imi’arl) in 1 ig S", f». SS, half the rectangle denoting the shearing stress from 
me a1 itnwnt to C. mvht bo liclon the line en I the other half above tlio line 

In lu 4 \j pen I1X ^ I , the diagram of shearing stress mth direction 'f' 4 ' may Ic 
rallcJ anl Is aUirc the line from A «{» to the l>oint nhero the direction 

chaiigri 1 1 from this to F It may be caltcil negatiie, and is below the line 

77 if fire I 0/ Ihi lie inn j titru rfnijmm fcrfirtcn nny jvirit and either abutment 
it r^iiil fo fie {<>idin^ woinent <tf f/e y>omf 

Tlds la en lent 1 1 Fig S2, p. 67, where (P being the point), the area of the 
sheariijgslrr'idi.igTain at J* the rectangio atider rB)»rBx ^V=»Mxaad the 
I'en ling mo unit at I' itpsWi’ 

III 1 ig Sj 1 Uuig the j>oint, the area of eheanng stress diagram at P (being the 
triangle under PB) 

an I Mptsicj** ,s — 

hen the jwrtioai of shearing ilrc«a diagram between the point and the 
lahutmcnt chosen arc of ditfoMil signs or directions the dilTi-rcncc of these 
areas imi«t l« tahen 

Tims in Fig 90, if t!ic area !« tahen of the diagram under PB wo havo to take 
the area of the triaiiglo under BC minus the area of the tnanglo under PC 
irl I . (I \ {\cl S , 

_ tdr iri* 

and 

,r fci r 

xy-irrx- 

__ietr 

By working out other eases the student will find that the rule given above 
nl way’s holds good, and it is sometimes \cr} useful 


APPEKDI\ ^ I 

Graphic method of finding tho Bonding Moments and 
Shearing Stresses in a loaded Beam 

In Fig 1 AF IS a hcam carrying the loads Wj, Wo, Wj, at the points 
BCDE, through which draw acrtical lines donnwards as dotted 

Draw another acrtical line YZ (Fig 4) at a comenient distance. Along 
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YZ lay ofT Wg, Wg, W^, on any convenient scale of loads. Take any 
point 0, -wliicli is called the “pole,”, and draw the lines a, h, c, d, e, joining to 
it the extremities of the lines indicating the loads. 

Bending Moments. — Starting from any convenient point X (Fig. 2) verti- 
cally under A, draw in succession a, b, c, d, e, parallel to a, h, c, d, e of Fig. 4, 
resi^ectively — intercepted between the A'erticals from A to F of Fig. i, and 
terminating at V on the vertical from F. Join XY, Fig. 2, The polygon 
thus formed is called the Funicidar 2'>olygon.” In Fig. 4 draw the 
horizontal line oH, and the dotted line oX — the latter parallel to X\". 
Then YX will represent NZ will represent Ep measured on the scale 

of loads. 

Moreover in Fig. 2 the ordinate UT of the ^‘funicular 2yohjgon” vertically 
under any point P measured on a jrroper scale represents the bending 
moment at P. 

Take a foot as the unit of the linear scale, and a lb. as the unit of the 
scale of loads. 

Then if Ho is equal to 1 foot on the linear scale, UT on the scale of loads 
will represent the number of foot pounds of the bending moment at this point. 

If, however. Ho is more than one foot of the linear scale in length, then 
the length UT on the scale of loads must be multiplied by Ho to find the 
number of foot pounds of the bending moment. Of course any other units 
may be substituted for the foot and pound — for example, the inch and ton. 

Shearing Stresses. — These are shown in Fig. 3, the construction of which 
is obvious. 

The dotted horizontal lines are drawn tlu’ough the extremities of the loads 
set off along YZ, and are intercepted between the verticals from Fig. i as shown. 

A dotted horizontal line is drawn also through the lower extremity of 
Rx on Fig. 3, and at this point the shearing stress changes from to 
or -i- to — . 

The shearing stress at any point of AF is equal to the portion of the 
vertical from that point intercepted between the upper and lower lines of 
the shearing stress diagram (Fig, 3). Tlius SQ is the shearing stress at the 
point P. 


Example. — In Fig. 1 take AF = 20 feet. 
AB = 4 feet. 

BC = 2 „ 

CD=:6 „ 

DE = 4 „ 

EF = 4 „ 


80 lbs. 
Y ^=120 „ 
20 „ 
Y^ 4 = 60 ,, 


Take the linear scale to be 10 feet = l inch, and the scale of loads 120 lbs. =1 inch. 
Lay off AB, BC, etc., on Fig. i on the linear scale, and Yh, ^’’ 4 , Fig. 4 on 

the scale of loads. Complete the figui’es as described above. 

Measure oH. It equals 10 feet on the linear scale. 

Measure YX on the scale of loads. It measures 168 lbs., which should be equal 
to Ra. XZ measures 112 lbs., whieh should equal Er. 

To check this by calculation (see page 60) we have 


_80xl6 120x14 20x8 60x4 
20 20 20 20 

3360 -Q .. 1*1 

= - = 168 lbs., which agrees. 


Similarly Rf=112 lbs. 




Scales. 

l o g o I Ip s o feet 

Linear Seale xojt.-^iinek. 

100 50 o 100 20opounds 

Seale of loads inch, 

1000 500 o 1000 2000 foot poiiads 

Scale of moments IToo/t. inch. 
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. To find tlie scale of bending moments avc have 

Ho in feet on the linear scale x mmber of lbs. inch on load scale = the 
number of foot pounds in one inch on the scale of moments. 

10 ft. X 120=1200 foot pounds 
. •. on scale of moments 1200 ft. lbs. = 1 incli, 

Drau" the scale. 

Then to find the bending moment at any point P, draw PUT a vertical inter- 
cepted by the upper and lower sides of the polygon. UT will bo the bending moment, 
pleasuring UT on the scale of moment we find it=500 foot pounds.^ 

Shearing Stress. — Prolonging PT through the shearing stress diagram we have 
the shearing stress at P=SQ = 1C8 lbs. By calculation we know that it equals 
Ea = 168 lbs., which agrees. 

In the same way the bending moment and shearing stress at any other point can 
be found, and a similar 2 n'oocss will enable the bending moments and shearing 
sti’csses for any other distribution of load to be found. When a load is uniformly 
distributed it may be dmded into equal portions, and each of these treated as a 
load ; but in this case the bending moments may be obtained more easily by drawing 
the jiarabola described at ^i. 34. 

Centre of gravity or Eesultant of system of parallel forces, — If the lines 
a and e be prolonged so as to meet at G, then a vertical drawn upwards 
through G wiU cut the beam at the centre of gravity of the loads — that 
is, the point through -which their resultant would pass. 


APPENDIX VII. 

Bending moments, Breaking weigMs, and Shearing stresses for 
Beams and Cantilevers witli various distributions of load. 

Tlie Table opposite shows for Cantilevers and sujtporkd Beams with difTerent distributions ot load 
the Bending moments and the Breaking weights for the cases pp. 2S to 40, and the Shearing stresses 
for the cases pp. 57 to GO. 

Comparison of Concentrated and Distributed Loads. 

From the table opposite it -will be seen that if the total distributed weight 
wl be taken as W, then, 


Case 1. 

Cantilever. 

Load at free end 

I] 

Case 2. 

Cantilever. 

Uniformly loaded 

06 

Case 6. 

Sispiported Beam. 

Load in centre 

yrr^ifobd- 

Ql 

Case 7. 

Supported Beam. 

Load distributed 

06 


From this we see that 

W in Case 2 is twice as great as in Case 1. 

Hence the load uniformly distrib^ited over its length that a cantilever can hear is 
tioicc the load that it can bear at the free end. 

W in Case Y is twice as great as in Case 6. 

Hence the load unifonnly distributed over its length that a beam supported at 
the ends can bear is twice the load that it can bear at the centre. 

^ If we bad not made a scale of moments we should, measure UT on scale of 
loads— X =50 lbs.— and multiply by Ho=10 feet. 50 lbs. x 10 feet=500 foot pounds. 





OenllDi; 

Momentj 




“ott'orlM , 
{otlfCIl t fixol 
at Ollier 


Supported 
pnceii I.nxol 
' -‘olber ‘ 


CttiUc 

CeiitM 


[Dnlforml) 

hirtftl 


at centre 
at nxM <1 
[— ato-Dtre 
at flxM enl 
at centre 

fw> 

^ at centre 

u-n , 

j~ at uzcl ends! 
irP 

jf at centre 
■rrt 

at Used end 

|“i? at centre ol 
beam 

loirfi ** ?n 

portloa 


acep <M 


|-7 at enda 

at ends 

0 in centra 

IjlWat flzedj 
end 


Incraatcd 
axil to 1 
Reduced 
by I 


Increased 
as S to 4 
Re laced 
byj 


From the abot e tabic it t' ill !» seen that 

The effect of jlxing loth ends of a beam as compared vntk leaving both ends 
supjyorted ts 

With Load at Centre Strength doubled Stiffness increased as 4 to 1 
Shearing stress not altered 

With Load uniformly dulnbuied Strength increi'ed 50 per cent 
Stiffness increased as 5 to 1 Sheanng stress not altered 

The effect of fixing one end of a beam as compared uith leaving both ends 
supported is 



304 


NOTES ON BUILDING CONSTRUCTION 


With Load at Centre. Strength increased 33 per cent. Stiffness increased 
as 2'3 to 1. Shearing stress increased at fixed end, reduced at supported end. 

With Load uniformly distributed. Strength not altered. Stiffness in- 
creased as 5 to 2. Shearing stress increased at fixed end, reduced at 
supported end. 


APPENDIX IX. 

Deflection of Rectangular Beams under different 
Conditions of Load. 

The formula (47), p. 68, 

. 12^^W^3 

EM3 

is for rectangular beams. It may, by the substitution of the different values 
of n from Table C, p. 67, be stated in a convenient form for different con- 
ditions of load. 

Take the case of a beam fixed at one end, free at the other, vuth a load 
at the free end. Substituting in (47) from Table C for ?i, ve have 

A iWP_4WP 
" E Ebd^ 

Substituting similarly values of n for other cases ve have the follovung 
Table. 


Arrangement of Beam. 

Load, 

Formula. 

Beam fixed one end, free other . 

at free end 

4Wf3 

^ 3Wf3 

M • • 

uniform 

2E&dS 

Wf3 

Beam supported both ends 

centre 

4E6d3 
^ 5WJ3 

37 J3 • • 

uniform 

^“32E6d3 

Beam fixed both ends 

centre 

Wl^ 

A— 1 

^Ebd^ 

WZ3 

33 33 . . • 

uniform 

^ = aVE&d3 

Beam supported one end, fixed other . 

centre 

A — i 

•■^Ebd^ 

33 33 33 

uniform 

A— ^ 



APPENDIX X. 

Relative Strength of Beams of difierent Sections. 

The following are given as they may be of interest to the student, but they are of 
no practical value. 
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Square Beam, and Ctlindricai Pole op Diameter equal to 
SIDE OP Beam 


=f.l -'•12 




JI of square }ieam.^f^ _ *12 

y* ~ 


fM 

In a scluare beam 6s=cZ M=^-^ I 

fi 

II of cylindrical pole =‘'^= — — 

=f^ 

butr=^ 

M= — ^ 

”8x4 
AxS 14x«i3 
32 

7 A TT “ 

n 1 and II_ 

JI scjuare beam H circular pole 

□ O 

WA? MdP 

10 to 6 

The SiRESOTn of a Square Beam side \ eptjcal is to that of a 
Square Beam amth Diagonal Vertical 


A Tpiangular Beam op the same area ard depth as a Rectahqular 
Beam is only one half the strenotu of the latter 
The strength of a eyhndriail pole to that of a square learn of the same area is as 
1 lo 1 18 

The strength of a cylindrical learn to that of the slroit^csl J*cani that can be cut out 
of it IS as 1 53 /o 1 


APPENDIX XI 

Continuous Beams of Uniform Section loaded uniformly with 
Points of Support equidistant from one another and in the 
same Straight Line. 

On pp 74, 75 are shoMii tbe forms assumed by i uniformly loaded girder 
ol uniform strength extending over tuo spans 

B c — n X 



3o6 notes on building CONSTRUCTION 

In practice, however, small continuous beams are generally of uniform 
section. 

When such beams are fixed at the ends and continuous over one or 
more supports, each portion may be treated as a beam fixed at both ends 
(see p. 72, Case 2), and the moments of flexure, etc., will be found accord- 
ingly. 

When, however, a beam is continuous over one or more supports, and 


Total load=2itiZ. 



„ 3iuZ 

Ma=0 




lOiuZ 



Kua 


3wl 

S 


Mn=0. 


supported only at the ends — which is sometimes the case in practice — the 


Total load=3u)l. 



Ra=iW 

Ma=0 


Ec=}JtaJ Rd=}Ji[iZ 
5rc=t^" Mo=i~ 3In=0. 


resulting stresses are different, and are very difficult to find entirely by 
calculation. 

Total load=:4u»L 



BE=tfU'Z 

Ma=0 — 

o _ 8 


RD=5gitJJ Bb— 

Mn=0. 

o 


Reactions and Bending Moments. — ^Figs. 1 to 3 show the reaction and 
the bending moment at each point of Bupjiort for beams continuous over from 
2 to 4 spans. 

Each span = I 
Load on each span = wl 


Deflection. — This will be a maximum in the two end spans, and may be 
obtained for those from Case 3, p. 73, and Appendix VIII., though if the 
two end spans are not reduced their inner ends will not be perfectly fixed 
and the actual deflection -will be in excess of that calculated. 

Points of Contrary^ Flex^ire. — These, if required to be known, may for 
eacb of the intermediate spans be found as in the case of a beam fixed at 
both ends (p. 72), or for each of the end spans, as in the case of a beam fixed 
at one end and supported at the other. 

To find the Bending M oment from, the Reactions. — ^When the reactions are 
knoum, the bending moment at any point may be found by the ordinary 
method described in Chapter III. 
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Thus in Fig 1 

The tending moment at a section infinitely close to C will be 


Again in Fig 3 


Ma = X AC — ttZ X - 

3 , , 


Mo=HwlxZ- 


~2 




Beams continuous over several Supports. 

The following table gives the reaction on each support caused by uniformly 
loaded beams of uniform section continuous over several supports 

I/KrroBJttr Loaded Beavs coNriNtroira over several SnppoRrs 
Table of Distribution of Loads 



^umb«r of «aeh Support snd Load borne bv it in tenns ofu> 

1 r of load on each span 


tat 

Sd 

34 

4tb 

Stb 

eth 

tb 

Stb 


B 

1 

4 

h 










1 

¥ 

f 








3 


H 

H 








4 



n 


H 






B 


# 

« 

«• 

u 

H 





6 

tVt 


m 

m 

m 

Hi 





7 



m 


Hi 

■H4 


wv 



8 







m 


ill 


9 




m 

Hi 

•tiJ 

m 



m 


Illustrahon — The principal rafter of the roof dealt with in Chapter XII 
IS treated in page 214, first as if it were m two portions each supported 
at both ends, and next as a beam continuous o\er two spans In both 
cases it 18 uniformly loaded 

In this example the maximum bendmg moment 13 the same under 
either supposition, being in the case of each supported portion in the 

centre, and in the continuous beam at the intermediate point of 
support 

lu the case, however, where a rafter extends oier several points of 
support (see p 202, Fig 343) the maximum bendmg moment to which it is 
subjected will he very different if it is a continuous beam, compared with what 
it w ould be 111 a jointed and supported beam 
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support, then AG, CD, DB are supported beams (see Case 7, p. 33), and the 

maximum bending moment is at the centre of each. 

If AB is assumed to be continuous, then (see Big. 2 above) the maximum 

bending moment is at C or D, i.e. f x being less than — , and therefore if 

the rafter is really continuous, all the points being accurately in a straight line 
a less scantling will do for it than if it were jointed and supported.^ 


APPENDIX XII. 


Method of finding the Centre of Gravity of an unsymmetrical 
Cross Section of a Girder by Calculation. 


Divide up the 










cross section into rectangles all parallel to each other and 
to the bottom edge of the section, 

R^llc. — ^3klultiply the area of each rectangle by 
the distance of its centre of gravity from the bottom 
edge, and add these products together. Divide by 
the whole area of the section ; the quotient is the 
distance of the centre of gravity from the bottom 
edge. 



Example . — Thus the cross-section of the cast 
iron girder shown in the figure can be divided up 
into three rectangles, and the products are 
4 X 1 X 19-5 -H8 X 1 X 10 -i- 16 X 1 X 0-5 = 266. 
The whole area is 4xl + 18xl-M6xl = 38. 
Therefore distance of CG from bottom edge 


266 

38 


= 7 inches. 


Since the section is symmetrical vertically, the 
centre of gravity is determined as shown in the 
^ figure. Should, however, the figure be unsym- 


* In reality the case lies between the two, because C and D are not rigid 
supports. 



APPENDICES 


309 


metrical in all directions, the above process must be repeated with reference 
to an axis perpendicular to the first one Thus in the present case, to find 
the distance of the centre of gravity from the axis AB the products are 
4x 1 x8 + 18x 1 x8+IGxIx8 = (4 + 18+16)8 
Hence distance of centre of gravity 

(4 + 18 + 16)8 
” 4+18 + 16 


s8 inches. 


APPENDIX XIIL 

Graphic Method of finding Centre of Gravity of unsymmetrieal 
Cross Section of Girder. 

Set off a6c, Fig 2 , respectively equal to the areas of the portions ABC of 
the girder, and join the extremities of the lines representing these vith anj 
point 35 , called the pole 




Draw the polygon OPQR having ita sides parallel to respectively, and 
intercepted between verticals drawn tlirongh the centres of gravity of ABC 
From the intersection of R and O at Y draw a vertical. The point at which 
this cuts the centre line of the girder will be its centre of gravitj 

The figures show that thi5 agrees with the calculations aboi e (App XII ) 
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APPENDIX XIV. 

Moment of Inertia (I) of Various Sections.^ 

Section. 

(1) Rectangle (breadth, h, depth d) .... . 

(2) Isosceles triangle (base 6, height d) .... 

(3) Circle (radius r) ....... 

(4) Annulus (E outer radius, r inner radius) 

(5) Semicircle either thus V or thus 

(6) T ^ron ' - (see Fig. i). 

O 

(7) H girder divided into rectangles as in Fig. 2 — 

■^■^{ga^ + TcQA — a?) + l{c^ — 6®) + — c®)}. 


Value of I. 

12 
W 

4^^ 


4 

0-1 


TIE 


< b 


X 

i 


^ ! 

i neutral 


axis k 

y 


1 

1 

1 

1 

s: 




1 — 




VI H 


d c b a 


. 1 . 


.eIj 


Fig. 1. 


Fig. 2. 


GENERAIi RULE FOR ANY SECTION MADE DP OF A NUMBER OF SIMPLE FIGURES. 

a. Find the moment of inertia of each of the simple figures about an axis, 
traversing its centre of gravity parallel to the neutral axis of the complex figure. 

b. Multiply the area of each simple figure by the square of the distance be- 
tween its centre of gravity and centre of gravity of the whole figure. 

Add the results so found (by a and b above) for the moment of inertia of the 
xvhole figure. (Eankine.) 

I for Rolled Beam . — Applying No. 7 formula to find I for the section of 
the rolled iron girder, p. 83, we have 

93 + 4(103 -93)}, 

= tM-? 729 + 4(1000 - 729)}, 

= 1207. 


^ In each case the moment of inertia is taken about an axis parallel to the neutral 
axis passing through the centre of gravity of the section. 

r is the ratio between the circumference and diameter of a circle, and its 
numerical value is 3'1416. 
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1 Jot Iron Girder — Applying Ranlcme's rule to the section of the 
ci't iron gir<ler, Fig 3, i\ e ha^e 

4x13 4 H 

(I I of upper flange = 


I of web s 

I of lower flange * 





Total 




16 
“ IS’ 

5852 

-^^487 0 

b Area x square of distance of centre of 
graMtj from the neutral axis 

Of upper flange w 4 x 1 2 5® « 625, 

IVcb =18x32 =ic2, [ 

Lower flange **16x6 52=676, ’’ 

Total of a and 5=1 050 = I 
It should be ob’erved that the thickness assumed for the lower flange, 
namely, I inch, is rather little for the uidth, but it simplifies the example 


' -le — 
Fig 


APPENDIX XV 

Formulas for finding approzunatoly the Weight of Girders. 

The weight of a girder can be found with a fair degree of accuracy by 
either of the following formal®, the first being, how ever, the more accurate 
Weight of girder in tons 

»= (Prof Unwm e formula), 

” 560^ (Anderson’s formula), 

where 

W = distnbuteil, or e^itvaleni distributed, load to be borne by the girder, 
in tons. 

L = span m feet 

C = a factor whose value is from 1400 to 1600 for small girders, and 
from 1600 to 1800 for large bridges. 

Vg = stress in compression boom (generally about 4 tong per square inch) 
I> = eflectire depth of girder in feet 


APPENDIX XVI 

Buies for draxving Maxwell’s Diagrams (seep 1S3) 

The diagram of the truss itself is called the frame diagram The 
diagram of the forces is called the stress diagram or “ diagram of forces ’ 
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In the stress diagram lines are drawn parallel to the several lines of the 
frame diagram, thus 

1. Draw each known force in succession in the direction in which you 
know it acts. 

2. Tlien from the two “ open ends ” draw the two unknown forces x^arallel 
to their directions on the frame. The first unknown force working in this 
direction is at the end of the last known force, that is, at the end to which 
the arrow mentioned in next paragraph points. 

3. Place arrows on the stress diagram beginning vdth the known forces, 
and make them all follow each other pointing in the same direction. 

4. By transferring these arrows in imagination hack to the frame, and 
considering them with reference to the point in question, you know whether 
each member is in compression or tension. 

The above rules are applied to each joint of the frame in succession. 

Example. — Thus in the example illustrated in Figs. 305 to 308, Plate II. 



we know (pp. ISO, 181) tliat_'';r=7 cwts. R*=5 cwts. Iln=2 cwts. 

ComynenciiKj nt joint A in tlie frame (Fig. i) draw for the stress diagram the 
known 11 , = :> cwts., and mark upon it the aiTow liead showing its direction, i.c. upward.s. 
Tlien working in the direction-^ draw from its end q, to which the arrow points, the 
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T jvinllcl to All of tijc franio, and from llic othor cnj 0 ilrar Ci p,irsl]el 
to AC Thrvi, iiiUt'cct Rt j>, and lij mcRaUTCmciit 
0j)»3 01 crrts =T 
0;>s6 4 cttt» ssCi 

Nt>« jiUco arrows on the atrr's diapram {Fig 2) "We liaro marked tlie arrow on 
K, iximtinR upwaixh — following nnmJ m the mme direction the arrow on T points 
tow mU }• and that on Cj toward' 0 Tran'r^rruig these to the frame we ace that Cj 
is in conij region j nshing towanls A, and 1 m tension pulling from A 

I'lwetsling to the ncxt^oiiit Con the frame, ac have Ci and ^\ known and Cj 
unknown 

On the 'tress diagram we hwe Cl alrtadv dravm Draw W \crticall}=7 cwts., 
and draw a lino from the end s of W jKinllof to C), this will ho the lino sO 

W 0 know the direction of the arrow for k\ is downwards Follow ing on m the 
Minj direction lh«> arrow for C, will jioint toward 0 and that for Ci toward p The 
laltir IS in a different direction from what it was Wfore, hecausc Cj is now in com 
I T'iiioii toward C 

Tran'fcmng theso arrows in imagination to the frame, wc find C, C3 both ui 
conij re'Mon 

\\ I come now to the lastjoud, R, and haae n» Cy T all knoim 

DrawH,a2cwt* and a line T =i3"0t cwts. froina parallel to AH of frame Tins 
will he the line »r 

Again the arrows arc plaec<l— on pointing uparards, on Cj toward $, and on 
T towanh r. Transferring these to the frame we find Cj in compression toward B 
and T 111 tension from 11 

If a line drawn through s |varallelto AB andwjual m length to 3 91 cwts did not 
come exactly to r, it would U certain that some mistake had been made in the 
drawing 

In 'Ueh a ca'o the diagram w aaid not to “close * properly, and this propertj 
of not closing when tlicw is anything wrong m the diagram is very taluable, 
because the error thus shown to exist can lie inrcstigatwl and corrected, whereas 
in using /onnnfir there is often nothing to show the existence of an error, srhicli 
remains iindctectcil and makes the result incorrect The non closing may be due 
enl^ to inaccurate drawing If this is suspected, the stress upon one or more bars 
msj be checked by Bitters rocUiod {see p 185) 


APPENDIX XVII 

Bow^s System of lottonng Hoxwoll’s Diagrams (seep 184) 

The following as ords quoted tire from Mr Bow 'a own description of his 
pystenj * 

“This plan of lettering consists m assigning a particular letter to each 
enclosed area or space tn, and also to cacli space (enclosed or not) around or 
bounding the tru's, and attaching the same letter to the angle or point of 
concourse of lines which reiirescnts the area in the diagram of force' Anj 
linear part of the tru's or any line of action of an extemnl force applied to 
it is to he named from the two letters belonging to the two spaces it 
separates* and the corresponding line m the reciprocal diagram of forces 
winch represents the force acting in tliat part or line, will have its 
MtrcmifiM defined bj the same two letters” 

— Figs i and 2 give an example of a truss and a diagram of forces so 

treated 


* From Bow’s Economics of Construction. 


' Ibid , but condensed 
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The spaces in the truss are lettered ABC, those around the truss DEFGH. 
These letters are attached to the corresponding points of concourse in Fig. 2. 


Fig. 1. Truss. 



Each line in. the truss is lettered according to the letters of the spaces it 
separates. Thus the line separating spaces A and F is AF and is shown as AF on 
the force diagram below. Similarly the line separating spaces B and 0 is BC. 

If any triangle in the truss be taken, such as A, the stresses on its sides as shown 
bn the force diagram will be found to radiate from A. Thus, in Fig. 2, AB, AF, AD 
radiate from A. 

Examples of the application of Bow’s method to girders will be found at p. 194. 


APPENDIX XVIII. 


Calculation of the Stresses upon the Iron Roof (Example 42, 
p. 209) by the Method of Sections. 

Referring to Example 42, p. 209, we now proceed to find the stresses by means of 
the method of sections (see p. 185). 

Stresses DUE TO Permanent Loads. — Commencing as before at joint A (Fig. 
356, Plate III.), W'e take the section shown in Fig. 398, which cuts through only 

trvo bars ; therefore to find the stress in AF we can take 
moments about any point in AD, round m for instance. 



that the lever arm of R^ is 8 'SS feet, and of the stress 
in AF, 2 ’39 feet. 

Sfcncc 

8-53 X 1-17- 2-39 xSj,r=0, 
or 




8 -53x1 -17 
2-39 


= +4'17 tons. 


Similarly to find S.u> we can take moments about any point in AF. We find, 
for instance, 

lever arm of R* =10’35 feet, 

« S,uj= 2-72 feet. 
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10 35x1 17+2 72xSu,=0 
nr 

S*B= - 4 45 tons 

so t) at AD )J in co:Qprcss]on 

To find Ser ^^0 can talwo the section sboim in Fig 399 and the lever arms are 
marLcd on the figure Taking moments about A we nave 
10x0 78 + 10 78xS»r=:0 

Si,»=-0 72 ton 



I 

OTslg^ 

tIT 


TI G same section wUl enable as to find the lever arms are as shown in Fig 
400 for 

R*^ll 07 feet 
■tti 1 04 
S*c 2 00 

and therefore 

11 07x1 17 104x078 + 290xSs«=0 

whence 

4 20 tons 

Lastljr to find and we take the eection shown in Fig 40i> and obtain the 
Jem arms as marked wl once _ 

20xll7-10x078-OC7xSr,sO, < -•po'- >* A* 

g^« + 2 34tons 

For Sra no must take moments J | j 

about the intersection of FG and DC, 1 » ^ ^ 

thu, B.,,7 ? 

3 25x1 17 + 6 75x0 78-460x5, 4 * 

Sn— +103 ton I J .. \x j . 

On examination (see Table R) it ' 1 I Q 

mil bo found that the tuomethodsdo A I 

not in all cases give exactly the same 4. jig 40I ‘ 

rallies for the stress The diflerences 

arc due to si ght errors in tf 0 drawing of the diagram and in measunng the fever arms 
Stresses due to 11 ivd Pressueb — It docs notappear necessary to describe the 
working of this method again in detail and therefore the ranous sections to he taken 
are simply marked on the figures together with the turning points and corresponding 
lever arms and tl c calculations arc given below for each stress 

Case 1 Wind on left — Eeaei ons parallel to wind pressure — S^n Section 1 1 
Fig 402 Turning point a 

2 69x5^+10 0x0 88=0 
SiD=-3 27ton3 


vo 8s 




Fig 402 


Fig 403 
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Saf : Section 1, 1, Fig, 403. Turning point 6. 

-2-61 xSaf + 10-0 x 0-88 = 0, 

Saf= +3-37 tons. 

ScF •• Section 2, 2, Fig. 404. Turning point A. 

AD X Sdf + AD X 0 -96 = 0, 

ScF= - 0-96 ton. 

’hat is, the compression in DF is equal to the wind pressure acting at D. 



Kg. 404. Fig. 405. 


Sdo : Section 2, 2, Fig. 405. Turning point F. 
2-9 xSdc + 10-Sx 0-88 = 0, 

Si,o= -3-28 tons. 

Thus we see (allowing for errors of measurement) that 

Sad — Soo. 


S 

\ 



Fig. 406. 


Sro : Section 3, 3, Fig. 406. Turning point c, 
- 4-65 x Sfc + 3-62 x 0-88 + 7-18 x 0-96=0, 
Sjo= +2-17 tons. 

5 


\ 



\ 

3 


Fig. 407. 
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Sre: Section 3, 3, Fig 415. Atoning point c. 
-4-65xS„ + 7'18xO 96 + 3'51xl-45-3 62x0 48=0, 
Sk = 4- 2 2 toss 

Sro ' Section 3, 3, Fig. 416. Taming point C. 
-6-67xS„-10 8x0 96-21 6x0-48 + 21 -4x1 45=0, 
S«,= + l-54 




Fig. 418. 


Sci 1 Section 4, 4, Fig 417. Turning point G 
- 2-9 X S„ - 11 -04 X 0-52* 0, 
S„=-198 ton. 

S„ s Section 4, 4, Fig. 418 Turning point rf 
+ 4 65 xSc 4-3 40x0 52=0, 

Sot =+0 38 ton. 

Sro could also be found very easily from this section 




Ss*: Section 6, 5, Fig. 419. Turning point B. 
-10-8xS„-0xO-52=0, 

Se»*0. 

So, : Section 5, 5, Fig 420. Turning point E 
+2-75xS«,-10 0x0 52=0, 

So,= +1'88 ton. 


c 





Fig 421. 

Sz,: Section 6, C, Fig. 421. Taming point G. 
-2-9 xS„- 11 -04x0-52=0, 

Sz,= — 1-9S ton. 
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Case 4. Wind on right — Reaction at free end vertical. 

Sad : Section 1, 1, Fig. 422. Turning point F. 
2-9 xSad + 6-40x 0-87=0, 

Sad= -1‘62 ton. 




S*p; Section 1, 1, Fig. 423. Turning point D. 
- 2 -75 X Saf + 2-65 X 0 -87 = 0, 

Saf= +0-84 ton. 

SoF ; the stress in DF is clearly 0. 

Sdo : Similarly, as in Case 3, 

Sdo = Sad = - 1 "62 ton. 




Sfo : Section 3, 3, Fig. 424. Turning point c. 
-4-65xSfc+0-88xO-87 = 0, 

Sro= +0-16 ton. 

Sfo ’• Section 3, 3, Fig. 425. Turning point C. 
- 6-67 xSfo + 5-26x 0-87 = 0, 

Sfg= +0-69 ton. 




ScE : Section 4, 4, Fig. 426. Turning point G. 

- 2-9 xScE- Ox 0-96 -11 -04x1-26 + 10-8x0-48 = 0 , 
Sc£= -3-0 tons. 

Sco : Section 4, 4, Fig. 427. Turning point d. 

+ 4-65 X Sco - 7-18 X 0-96 + 3-62 X 0-48- 3-37 x 1-26=0, 
Sco = +2-02 tons- 
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Iig 42^ Fig 429 


So, Section 5, 5, Fig 428 Turning point B 
-10 8 xS„- 10 8x0 ‘>6=0, 

Sa,= — 0 06 ton 

So,’ Sections, 5, Fig 439 Turning point E 
+ 2 75xSo, + 10 8x0 48-10 Ox I 26=0, 
S(„= +2 7 tons 



Fig 430 

S,a Section 6, 6, tig 430 Turning point G 
-2 dxS(,-ll 04x1 26 + 10 8x0 48=0, 
S„= - 3 0 tons 


APPENDIX XIX 

Centro of Pressure in Masonry Joints {see p 219) 

It can be sliown by an imestigation, similar to, but more complicated than 
that gi\en at p 219, tint the position of the centre of pressure for a joint ut 
any section whatever, vvlien tlie pressure vanishes along one edge, depends on 
the moment of inertia of the section Rankine ' gives the result as follow s — 
Let A denote the area of the joint 

ij, the distance from the centre of gravitv of the figure of the joint to 
the edge farthest from the centre of pressure 

h, the total breadth of the joint in the same direction 
I, the moment of inertia of that figure, computed as for tlie cross sectioii 
of a beam relativ ely to a neutral axis traversing the centre of grav itj at right 
angles to the direction of the deviation to he found 
S, the deviation to be found 



> A Manual of Civil Engineering, by TV. T 31 Ranhme, F R S , etc , p 378, 
10th Edition 

B C — IV. Y 
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Tf the joint is rcctangnhn', us sliown in hig. 43^) !'• 218, uikI llie centre of 
pressure is situated in GH, then : 

A = BD.GH, 

Gif 

7i =Gn, 

I = — . BD . GIF, 

12 

S = -GC. 

2 

GH 2.BD.GIP 
Hence 00 = -^ _ 

or GC = ;\GIT, as hefore. 

The following values of GO for a few sections will he found useful in 
practice : — 


Dosrription of .Section. 

Ahilue of GC. 

llectangular ..... 

Circular ..... 

Hollow rectangular ) , . 

, ° • chimneys 

,, circular J 

JGII 

^GH 

1 Qjj 1 appro.vimate 


APPENDIX XX, 

Arch with. TJnsyinmetrical Load. 

The folloflung memorandum by Mr. Henry Fidler describes how the 
line of least resistance in an arch with an unsymmetrical load maj’’ be 
drawn, by the method devised by Professor Fuller, and modified by Professor 
Perry. 

Let a&cd be a segmental arch divided into any convenient number of 
imaginary voussoirs (in this case 9), and loaded imequally. 

The positions and intensities of the loads are indicated by the A’ertical 
arrows 1, 2, 3, 4, etc., and the direction of each vertical force is supposed to 
pass through the centre of gravity of each voussoir. 

The centre third of the depth of the arch ring is indicated by the dotted 
arcs, and it is required to draw the polygon of forces corresponding to the 
load and contained within the boundaries of the central third. 

With any pole e, draw the force diagram. Fig. 2 , shown below the arch, 
plotting the vertical loads 1, 2, 3, etc. to any convenient scale. Draw 
the polygon of forces JKLMNOBSTUV in the usual way, terminating 
with the closing line JV, to which ef is parallel, giving the vertical 
components of abutment reactions /jr, fh, for the right and left hand 
abutments respectively. 

For the sake of convenience repeat the polygon of forces jhlmnorstuv 
above the arch to an increased vertical scale if necessary, plotting the 
vertical ordinates from a horizontal base AB. On AB take any two 
convenient points p, q, and join pr, qr. 


UNSYMMETRlCAlty lOAOtO ARCH 

METHOD OF DRAWING THE UNE OF 
LEAST RESISTANCE 
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APPIZNDJCnS 


3=5 


Timber Benins, nq itcrk I nt auU and nni/aimlff lo (ded 
STRr^^,T» — Tot I tr 

The en/e ilj«tribii{eil iln«1 Joail m ewh n'clit 

li in feet, ' ' 

(See ip. 50 51 ) Tins RsiumM the modulus of niptarc/,s=5010 lbs., or 45 evts, 
and a factor of safetj of 5 

Tor fiiohdi Otl mid 7 i/<;4 7i»rnmlii) the usiilt of (I ) 1«1J 
For TtaL innllii Ij 1 j 0, and for Grftnht irt bjr 3 


StiFrsrs'? — lion n Umn sui«i>oilcd it the ends is loidcd with the dis 
tnhntid ta/e Mtioht found hi (1) then («cc rijitatioii 4\ j> CT) 

_ „ , S* m fttU 

Deflection at centre = .j‘,r ~i ; — (II ) 

*°« in inches ' ' 

1 or i ir, Ool, Tf d, Grttnluart 


Hio di^trilmtod dtil load in cwts. 
(o ciusc n di-fhction of jior 
foot of SI in 


hP in inches 
S in feet 


(HI)" 


(See hxjHalion 47, p f * ) 1-or dead load in centre to cause the smie deflection, 
mtiUtidr trie result of Ilf by f 

In lI an nil theinniluhisflfelasticit} is taken at 1,210 000 for larj;e scantlings 


Cast iron Girdors tujjorUd at tmh and unt/onidij haded 
The mtff di«trjhutcd dial load m 

rt Itcinj; the cfTcctne area of tension flaii;;« in inches— <# tlie depth of 
inchci— S ihe span in hcL 

(Vo I',qualion 'i7, p *^5 ) This ossumes «ss6\ tons and factor of safetj 


11 ) 

girder in 


■Wrought iron, rolled, or Plato Girdors, #h; ported ot ends and unt 
fen ihj loaded 

Tlie safe distributed dead load in (V) 

(See Ixiiiation 54, p S? ) a I'Ctn,' the cffcctuc area of compression flango m 
inches Tlie ultimate resistance to com] lession is takm nt 18 tons per square inch 
the factor of safety as 4 J he limit mg stress per « juarc inch is therefore 44 ions 


Opon Wobbod Girdors 
Txiad is as in (V ) nhoa e 
"'tress on anj har in weh 

sliearing Btrc«s nt tlie point x length of 1 ar 
depth of girder 


(See p 194 ) 


Botainingr Walls 


For aiater (see p 23'») mean thickness =5=-^ of height 
Foi a\ ei ige earth (see p 244) ,, >» 


Arches, thickness of, from 10 to 25 spaii 
JIasonrj — Block, 1 inch for eiery foot of span 
Tlubhle, Ij inch „ „ 

Brick, ■* brick for eaerj 5 feet of span 


(VI) 


(VII) 
(VIII ) 


(IS) 

(V) 

(VI) 


r L Aide ^faioire 


* Seddon 



326 


A^07'ES ON BUILDING CONSTRUCTION 


Water Supply . — Pipes flowing full (see j), 267). 


G = Gallons supplied per mimite. 
H = Head in feet. 

L = Lengtli of pipe in feet. 


d = diameter of pipe in inches. 

■ ■ 



(XII.) 

(XIII.) 


For i" pipes take J, for 1" pipes take i, an<l for pipes of over 12" diameter take j J, i)f tke result 
fomitl by XII. 

Fur i pipes take d J larger than as found by XIII. 



cntimtte T«lstAnc« fa fnai pr-r Inrb to 


TAliLLS 




XOTES OX BUTLDJXG COXSTBUCTJOX 


TABLE lA. 

Safe Resistance of Materials. 

This Table only includes the materials most generally in use, and the ^’alues given 
can be depended upon as quite safe for the ordinary quality of materials.^ 


Safe Kesistaxoe to Tension*. 


Cijst invj 


, ! 1 '5 toil }U'T l| 
sq^. iacli 
■Wroustit iron a tons do. 

Vmiit-up girders 
AVronglit iron { 5 do,, do. 
rolled joists 

Stcolj mild . . d'o do., do. 


O.ak, Unglisli . ldcwts.jvr 


Fir, Raltic . 

Fine, American 
yellow 
Pine, pitch . 

Te.ak Moulinein . 


i so. livch 
12 do., do. 

, S do,, do. 

1 10 do,, do. 
10 do,, do. 


jj Portl.md cement, !l'0cwt.,perl 
1 neat, after Onion.; sq. inch f 
1 B'kwork in cements o-lOcwt,, di\ 

; Do. ill mortar O'!'- OlVldiv., do. 
i dranlic liiiiel- : 
j Conerete.Portland O'S do., do. 

I ceinent, 5 to 1 j 


Cast iron 

Wrought iron 
hiiirt-np giixicrs 
■Wrought iron 
rolled joists 
Steel, mild . 

O.ak, English 
Fir, such as Riga 
or D.antric 
Pine. Americ.an 
yellow 


Cast iron 

W ronght iron 
! Steel, mild . 


Cast iron 
Wrought iron 

Cast iron 
Wroucht iron 


S.VFE KeSIST.^XCK to CoMI'KESSIOR. 
Piiio, pitch . . j 


S tons per 
sq. inch 

4 do., do. Te.ak, Monlmein I 
Portland cement, , 
.■> do., do. ' neat, after 2 
months 

. d'o do., do. ' Mortar, common . 
IS cwtA, do. Concroto, lime 
10 do., do.. „ Portland 
I i ceinont, 5 to 1 

C do,, do. Concroto, Portland 
; cement, 10 to I 

I I. 


lOcwts. per Bricks, ordinary 
Sip inch stock 
12 do., do. Brickwork in mor- 
0 do., do. , tar (good)S 

Brickwork in ce- 
il nicnts 

0*5 c\vt, do.! Gnniitc, Aberdeen 
0'5 do., do. ; l.imcstone, granii- 
2 cwtse do.ll lar 


1 cwt. do. 


Sandstone, ordin- 
ar>- 

j Masonry, rubble 


0-Scwtper 
sq. inch 
0*5 do., do. 

0‘S do., do. 

$ cwtA do. 
7 do., do. 


4 do., do. 
} 0‘4 cwt. do. 


S.VFE Resistance to Siie.viung. 


2‘4 tons per 
sq. inch 
o do., do. 
.■>‘o do,, do. 


Fir, such as Riga ] 
or D.ant.-io, along' 
I the crain 


1*S cwt. per’! O.ak, English. ' .I evis. per 
!=q. inch \j across grain' sq. inch 

along! E do., do. 


the grain 


Safe Resistance to BE.vniNG. 


, 10 toRs vtor 

steel, mild . 

. ' S tons iwr ' 

i, Fir, such as Riga 

Ml, incli 


1 sq. inch j 

l' or Dantric 

, 5 uo,, do. 

O.rk, English 

. . 2 oCWts, do, 1 

1 


lOcwts. peri 
sq. inch 


Safe JIcdclfs of Reptcek (REcrANGET..U'v Reams). 

. I S‘5 tons peri j O.ak, English . IOcwIa per ' Pino, Aincric.an ilOewts. per 

I =^‘1- inch j. sq, incli vellow sq. inch 

. n-.'ldo., do. J lir. such as Riga 11 do., do. Teak, Moulmcin . ! 20 do., do. 

I 1 1 or Dautric . . i 


1 


r l'<ir more detailol infonnaiion see P.art III. 

• These tigurcs represent the cd'r.sfea of fle^h mortar to bricks. 


f f,v! l.ro.ranliV -rw.'.ir cannot K' .safely taken as adhering to the K'st slock brieks after six 
lis with .a gre.ater ultimate force than SfUvs. per squ.are inch'. The adhesion to soft place bricks 


77.f f-.v! 
months 

is einly .-.Ivmt IS lbs, jarr square inch. 

Portland cement mortar tl to 1) will .at twvl\a> months ceert an adhesive rt'sist.ance of aKmt 0-.’> 
cw:, jn-r sqnaia' inch in .stock brickwork, bat exivriinein.al rt'snlts show vari.ations doivndent 
app.arr'ntly uixm the nature of the surface of the bricks cement e<l. 

1 r.c .wsis-oece c/ tricVi.'orb to croeb’et? cr frus^ia.i is mncli less th.an tint of the bricks .alone. 
After .allowing tlm-e to six months pacrording to tho mort.ar) for setting, gAvl stock brickwork will 
l^gin c.'-.-n - ;• at .a pn'ssnne of 20.'', -iiXl, or TOO lbs. jvr square inch, aeconling as it is laid {n.rrav 
('h.alk lime, l.i.as lime, or Portland cement mort.ir. For • Gi-s.j.v erne’.! no from one and a half time 
to twice th.o.e pn-'-urcs w-onM I,. r<mninsl. (jrroj- and N.'.?.?,--,.) For the n'snlts'of oxrn'ri'mcnts 
'n l' e btn ngtU of llrick Fi-'i^ sro F.irt III. pp. 110 to 121. 


Drrm iv Inchm and tnft Load iv Dctn 
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Faed at oaa end, free at tl,e otiicr { ■“ I > „ni „i both end, / 

1 loaded umformlj, J ™ ^ 

Supported at both ends, loail at centre, ’ 
le coraparative strength of some other lin I of wood* js as folIoTVB — 

Larch, } , English oak, , Teak, 1} , Bcccb, , ,iVsh, Ij , Grecnhcart, 2 
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i^lOOfCOOOCI-^OCOOtO 
f-4 f -1 iH f-» C? Cl 


j'* o cc i''. r- • ■'-M c^i c“- *o ! 

: : o r-* Cl -T* * 5 : ^ ^ ^ i 


^ 01 

f-- 

O 


CO “i' uc Cc ^ *-'5 ^ 

: o S '**- Cl cc -r 1*^ c; 


o 


, O to ^ u-5 Ci 7 > r-t 5 > '.O 

. O ^ Cl “c f ^ C5 ^ 


^ • wC 

hi .5 


O C-2 I^ I'. Ci IC CO Ci ^ 

: ^ ^ c? Cl cc ‘*'i CO ' 


O *^>00 '‘c CO ^ to ^1 

: ^ Cl ^>*c c, ^ : o 


2 S’ 


f— ( Ci O f Ci ?>«* ^ { 

: ^ ^ ^ c? cc ^>tc ci r» MS 


. Co •- to o ;c Cl ^ Cl > Cl . . 
: cs ip Cl ^ o : : 


. o 

=p 

o ■ , 


o =-- 


c -< 

^'' 


s 


Co C'l i: >-i =c vr; '-^ S'; 

; C) "-I iM oj eo ''>co Co o : : c. 


Ci cc ?>. CC Cl »C ^ Cl 
i f-< Cl *^1 CC ‘C tc Cl 

i-ii 

. Cl CO Co C3 lx* ^>co 
: C5 Cl Co ^ *r* 9^ 

; : : 

C>-J‘^l3"'-!OJ^00~'> 
. ’~ I-I ';i Cl '^: -:• '.I C; 




^ »ri xm cc '-t' ^ 

r X, w *:> Cl Co -t- cc CO 'x 

: : : 



. ^ C*: 0 ?'• tc Jx r-f . 

I'x^Oicoci-r'^cci : 

: : ■; 


CJ ^ ^ 

, ^ t5 


,, S •_- CJ- 

c .2 o 5 g 

S^ 03 Q 

____ JS c S o ^ 

S P-» c ^ 

<;i S 2 ; § ^ 

c: Cl ^ ^ S ^ 

- ^ X t>. £= i- 


xi S 

^ .X c ^ 

w P-< JS 

.C2 

rp ^ 

0 g 

^ 0 

a 


.0 i- 

0 

X X 

’-X to 

0 

C5 -- c5 

0 X X w 

f-t 


S 's 'S 

3 

v-t 


§ § 
o o S 


CO Cl 00 '^CI C> O ^1 CO 
O ^ r-H r-j cc *^»C >N. o 


Cl ^o 1C c: 
o ^ Cl cc ^>>c >N. 


o »-c Cl Ci oc Ci o ^ 

T— J '***' Cl ^1 CC •^tc Co 


ClCit^ZN.CO'^lC . 
*-(>*-} Cl C7-rr<^t^ : 


^ a 
o ^ 




»— <^lcc'<^wCo : ; ; : • 


t c«*~ ^ 
j 03 ^ 


^icot-coood^tocooio 

f-l 1-! »-! tH d ei 


j)€r pquare inch 

Taking modulus of elasticity = 26,000,000 lbs 


TABLES 
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strength of Struts.^ 

I = length of strut in inches, k — least radius of gyration in inches, i.e. the moment of inertia about the neutral axis of the cross 

section divided by the area of the cross section,- 

}•„ = safe stress per square inch of cross section in tonsr— 
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0 

Ends 

fixed. 

fM r -1 Ci <0 (M r-< (M CO CO CO >0 CO CO CD Ol 

COCOCOCOdOICIC-IClOIr— IrHfHrHrHr— (f-HrHrHr— <00 

2 

Ends 

rounded. 

Co Co Co Co ‘0 Co Co Co C) Ci 

Co ?>• ^ *0 CJi ^ 0 Ci t'- Co CO '0 *0 Co Co 1 

0 Cl <b (b <b Cl 6 ) <b 0 <b tb <b 0 

0 ^ 
u 

[ Ends 
fixed. 

d*^cocoooo<M-^<o*^ot'^cDiococo*-^-^^i'^i-»?oo 
00 0 »p ^ 0 CO 1 ;^ »r 5 W 01 P C 5 0 w w 

1 d(MCl<MdddddAHT-(i-HrHr-ir-4rHi-lr-!0000 

'§) 

1 . 


0 

Ends 

rounded 

^«^>.cie)vJ.^>.ClCocoCle^coco'oC)C)e}Cl^•'. 1 C}Cl 

*0 Ci >s >~i Ci cc Co ?" to 'tj c-j >tj C';; ep 

'^’^’^’^’^'^^-itotoibci'bci'bcjcici'bto'b'bci 




.«r^ 

1 

t^OCOOOOCDOOlO-^^COCO’^l'-.OrJ^CiCOdCsOCO 



P « 

CO r-l 0 0 I'' CO 01 rH 0 0 CO I'- CO »0 VO »0 - 3 ^ -r 


P 

0 

U 


Olddi— If— lj--«r-tT-tT-iOOOOOOOOOOO 


43 

02 




0 

m 0 ' 

totoCl•tiClto'^toCitoc:itoe^c>tototoe}C5c:5^o^^ 



C 3 *3 ■ 

Ci Co Co Co Co CO Co Co Oi CM ^ 



K P 
c 

CiCiCiCitotoCiCitoCitoCiCiCiCiCiCiCiCstotoCs 


1 .” I o»ooioo»ooo©©ooooooo©oooo 

^ d . woJcow^^io©t*ooo©Heico»^io©t-co©© 

^ HrHHiHrHrHiHi-irHrHHe^WWWWNNNWCQCO 



*3 

« 

Ends 

fixed. 

-4<.-<05-j<OtooeoooiMco»ftt'.Oto».'i>neooco-tirH 
OOT<^1C^C^rtOOC5CVCpi;~toO-^«lNipOC0 1'''p 

OtolO»r5U5»£5to>r5-e<-'J<'^'if<-5)<'i<'J<->H'4('i<-ri1'cOCOCO 







03 « 

totoC)toe^c>toooc>64^C>Oi?^totor^toCi'5}-coto 



'P •P 

tooototo>^c>i^to to to 




ib to to to "b to to to to to to to to 'm 



■Wrought iron. 

Ends 

fixed. 

0003COVO<MOCO<NCOCOCOCOlOCOOd(Mr^COOf-< 

opppppppp^^ppirs'^’^pdT^ooo 

^'^cocococococococococococococoeococococod 

Ends 

rounded. 

to to to to to to.'^'^'=}->s '^to totootototototot^ 
totototo'Jj^to'fs 'T' 

v^-totototototototototototototototototoi^i^i^ 

Cast iron. 

Ends 

fixed. 

10COlOCOi-lr-ICOOadCOOVOOdCOCOOCOViOt'»Ot^ 
OOl'-p'^dppi^CO'^i— i^coopcooppopp 
COOOOOOOCQt>-t>.4>.?DCOCOlD\]oUO’^'«i<T}<COCOCOdd 

Ends 

rounded. 

to’^r^totototototo ''^to to to to 'J^to to to to 

to "^i-to to to to to to to-to to 95 to to to ^ to 'cs '? 9 ^ 

tototoiP'totototo "^to totototo’^'^'^'M^^'^'^to 

1 

K 

See p. 333. 

0©©©0l00l0©k00100l00©0l00l00© 
i-!i-!ddC0C0Tt*^l0©©©l>»t«00 00©©O©rHfH 

r-f rH iH tH 


^ This Table has been compiled from a similar table, given in “Fuller on practical strength of columns ” {Min. Pro. Inst. O.E. vol. Ixxxvi.) 
For values of y see next page. 



Tor pnctical purposes tlic value of - cau be found A\ith aufTiticnt 
neenraev from 

I I 

- -» tir, 

K b 

ulicre » and b ln\c the following values for \nnoii< sections in gcnonl u«c — 


I "• i 


T 


□ 1 

Sftii 

oi 

IMlrv 

Oi 

.VttalU"^ 


X 

/••***/ !• «»»U */ 

X 

^rratni,t.y,0r,a,_f 






I ^ ^ 


+1 


/.rampfe.— -1*11111 the safe etixsa for nii L uruu^ht iron strut, 3" x 3' x 
10' 0" loll};, the ends being considered rounded We lia\e 6 = 3, n=4''J, 
/= 120 , hence 


Troin the 1 able the safe stress per ajuarc inch is 0 70 ton uearh. lienee 
Safe 8tress = 0 70x(3x^+2J x J)= I 9 ton iiearl) 
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TABLE VI. 

Strength of Wooden Stmts. 

Ro%inded Ends, 

Wood supposed to be average quality fir, such as is used in roof work. 
E. = ratio of length least dimension of cross section, 

Tq = safe stress per square inch in ciots. 

R 

If both ends are fixed take value of corresponding to - . 

If one end is fixed and the other rounded take mean of values of r^ 

R . ^ 

corresponding to — and R. 


B 


1 

R 

i 

1 

rc ' 

B 

rc 

R 

rc 

5 

9-55 

19 

3-85 ' 

33 

1-56 

54 

0-58 

6 

9-25 

20 

3-60 1 

34 

1-43 

56 

0‘55 

7 

8-85 

21 

3-38 1 

35 

1-35 

58 

0-52 

8 

8-30 

22 

3-18 ' 

36 

1-28 

60 

0-49 

9 

775 

23 

2-92 i 

37 

1-22 

62 

0-46 

10 

7-20 

24 

275 

38 

1-16 

64 

0-43 

11 

670 

25 

2-60 1 

39 

1-11 

66 

0-41 

12 

6-25 

26 

’2-41 1 

40 

1-06 

68 

0-39 

13 

5-80 

27 

2-25 

42 

0-96 

70 

0*37 

14 

5-40 

28 

2-11 

44 

0-87 

72 

0-35 

15 

5-05 

29 

1-96 

46 

079 

{ 74 

0-33 

16 

475 

30 

1-82 

48 

072 

76 

0-31 

17 

4-45 

31 

171 

50 

0-66 

i 78 

0-29 

18 

4-15 

32 

1-60 

52 

0-62 

j 80 

0-27 


Example. — Find the safe stress that can be apiilied to a wooden strut 
3" X 2" and 10 feet long, 
lOx 12 

R = — =: 60 ; Tc = 0'49 ; safe stress = 3 x 2 x 0’49 = 2-9 cwts. 


TABLE VIT. 

Strength of Timber Colurons, 

The following Table has been deduced by Mr. Stoney, C.E., from a series 
of experiments made by Mr. Brereton, C.E., on square columns of American 
yellow pine (Pi?ius strohus'). 

Ends adjiisted as in ordinary practice. 


1 Ratio of length to side of column 

10 

15 

20 

25 

30 

35 

40 

45 

50 

! Breaking weight in tons per sq. 
j foot of section 

120 

118 

115 

100 

90 

84 

80 

77 

75 
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TAKLK VIII 

StroDgtb of Rlvots (Iron Illvots in Iron Plotos) 

rpMslAncc to 4 toni per square iiicli 

bafe re«j*tincc to Kinn^, 8 tout pt*r squin* iticli 


rUm 

r 

ni 

tle^t.unn* fa lir«r(ni' ar«*« riret <n of nrfnt 

ti lrLnr««t^— tol • 


rivet. 


A" 

r 

f 

r 

t' 

1 


V 

0 78 

0*2’» 

1 00 

1 50 

200 

2 50 

3D0 

3 50 

4 00 

r 

1 23 

0 31 


1 “7 

2 50 

3 12 

3 75 

4 37 

'■DO 


1 77 

0*37 

1 '0 

>-»«■, 

300 

3 75 

1 50 

r, -or. 

C 00 


2 to 

0 11 

1 7' 


3 50 

4 37 

5 25 

6 12 

7 00 

^RjH 

2 7C 

0 17 

1 <7 

-*S1 

3 75 

1 flo 

5 02 

C 50 

7 50 

HTbH 

3 11 

0 50 

200 

3 00 

IDO 

5 DO 

CDO 

7D^ 

8 00 1 

BTjl 

3*03 

0 50 

a 0*1 

3 37 

4 '•0 

f>D2 

C 75 

7S7 

0 00 : 

Bai 

4 01 

0*02 

2 50 

3 75 

5 00 

0 25 

7 50 

8 75 

lODO 1 


TABLK 1V‘ 


Dimonsions of Eyes of Wrouglit Iron Tonsion Bars. 


Ratio of diameter of 

Ratio of Arm of metal at si le of c to 
Area of Inr 

Itntio of maximum 

or diameter of bar 
(if round) 

(not to be<0 07) 

llaninicrel e)c 
(Mrtal section at 
Invk of c)e=that 
of lar) 

lf}(lniuUc forgeil 
eje (Same section 
at back as nt sides 
of eje ) 

width (Ibu iu 
shear ) 

0 07 

OCC 

074 

021 

0 76 

0 07 

076 

0 25 

100 

075 

0 75 

0 38 

1 25 

076 

080 

054 

1 33 

0 79 

085 

001 

1 50 

0 83 

003 

0 70 

175 

0 84 

100 

0 88 

2 00 

0 88 

I 13 

I 08 


’ This table is taken from Iiutruetion ta Cimstn/etioa (revised edition) and is 
founded on that given by Mr Sbaler Siziitli 
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TABLE X.! 

Weiglit of Angle Iron and Tee Iron. 

1 foot ill length. 


r 

Thick- . 

Sum or rnr. Width akd Dcptu ik Inche-,. 

ness. 

li 


ig 1 


n 

2 


25 

2g 

21 

2g 

n 

Inches. 

lbs. 


lbs. 1 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

•57 


•62 

•68 

•73 

•78 

•83 

•88 

•94 

•99 

1-04 

1-09 


•81' 

•89 

•97 

1-05 

1-13 

1-21 

1-29 

1-37 

1-45 

1-52 

1-60 

i 

1-04 


1-15' 

1-25 

1-36 

1-46 

1-56 

1-67 

1-77 

1-88 

1-98 

2-08 

n 

TIT 

1-24 


1-37| 

1-50 

1-63 

1-76 

1-89 

2-02 

2-15 

2-28 

2-41 

2-54 

T* 

n 


3 1 

3^ 1 

3i 

35 

31 

35 

35 


4 

45 

1 

1-14 


1-20 

1-25 

1-30 

1-35 

1-41 

1-46 

1-51 

1-56 

1-62 

1-72 

3 

TC* 

1-68 


1-76, 

1-84 1 

1-91 

1-99 

2-07 

2-15 

2-23 

2-30 

2-38 

2-54 

i 

2-19 


2-29, 

2-40 

2-50 

2-60 

2-71 

2-81 

2-92 

3-02 

3-13 

3-33 

A 

2-67 


2-80 

2-93 

3-06 

3-19 

3-32 

3-45 

3-58 

3-71 

3-84 

4-10 

§ 

3-13 


3-28 

3-44 

3-59 

3-75 

3-91 

4-06 

4-22 

4-38 

4-53 

4-84. 

xir 

3-57 


3-75| 

3-93 

4-11 

4-29 

4-48 

4-66 

4-84 

5-02 

5-20 

5-56 


4* 

t 

i 

4| 1 

5 

'55 

5.V 


6 

65 

61 

6i? 

7 


2-70, 

2-85 

3-01 

3-16 1 

3-32 

3-48 

3-63 

3-79 

3-95 

4-10 

4-26 

i 

3-54 

3-75 

3-96 

4-17 1 

4-38 

4-58 

4-79 

5-00 

5-21 

5-42 

5-63 

A 

4-36, 

4-62 

4-88 

5-14 

5-40 

5-66 

5-92 

6-18 

6-45 

6-71 

6-97 

i 

5-16 

5-47, 

5-78 

6-09 

6-41 

6-72 

7-03 

7-34 

7-66 

7-97 

8-28 


5-92 

6-29 

6-65 

7-02 

7-38 

7-75 

8-11 

8-48 

8-84 

9-21 

9-57 


6-67i 

7-08 

7-50 

7-92 

8-33 

8-75 

9-17 

9-58 

10-00 

10-42 

10-83 

TiT 

7-38 

7-85 

8-32 

8-79 

9-26 

9-73 

10-20 

10-66 

11-13 

11-60 

12-07 


7i 


7\ 1 

75 

8 

8J 

81 

8.1 

9 

95 

91 

95 

i 

5-83 

6-04 

6-25 

6-46 

6-67 

6-88 

7-08 

7-29 

7-50 

7-71 

7-92 


7-23 

7-49 

7'75 

8-01 

8-27 

S-53 

8-79 

9-05 

9-31 

9-57 

9-83 

3 

B 

8-59 

8-91 

9-22 

9-53 

9-84 

10-16 

10-47 

10-78 

11-09 

11-41 

11-72 

7 

TtT 

9-93 10-30 

10-66 

11-03 

11-39 

11-76 

12-12 

12-49 

12-85 

13-22 

13-58 

1 

11-25 11-67 

12-08 

12-50 

12-92 

13-33 

13-75 

14-17 

14-58 

15-00 

15-42 

0 

TTT 

12-54!13-01 

13-48 

13-94 

14-41 

14-88 

15-35 

15-82 

16-29 

16-76 

17-23 

i 

13-80 

14-32 

14-84 

15-36 

15-89 

16-41 

16-93 

17-45 

17-97 

18-49 

19-01 


i 10 


lOi 1 

11 

Hi 

12 

12^ 



14 


15 

3 

H 

,12-03 

12-66 

13-28 

13-91 

14-53 







7 

13-95 

14-67 

15-40 

16-13 

16-86 

17-59 

18-31 

19-04 

19-77 

20-50 

21-22 

X 

15-83,16-67 

17-50 

18-33 

19-17 

20-00 

20-84 

21-67 

22-50 

23-34 

24-17 

TIT 

17-70,18-63 

19-57 

20 51 

21-44 

22-38 

23-31 

24-25 

25-19 

26-12 

27-06 

1 

19-5320-57 

21-61 

22-66 

23-70 

24-74 

25-78 

26-83 

27-87 

28-91 

29-95 

3 

,23-13 

24-38 

1 

25-63 

26-88 

28-13 

29-37 

30-63 

31-88 

33-13 

34-38 

35-63 


1 12 


12i 

13 

131 

14 

15 

16 

17 

IS 

19 

20 ) 

i 


,24-74, 25-78 

26-83 

27-87 

29-95 


34-12 

36-20 

38-28 

40-361 

3 

4 


31-88 

33-13 

35-63 

38-13 


43-13 

45-63 

48-13 

7 

8 


35-36 

36-82 

38 "28 

41-19 

44-12 

47-02 

49-95 

52-87 

55-78 

1 



mm 




53-33 

56-67 

60-00 

63-33 


Note. — When the hase or the web tapers in section, the mean thickness is to be 
measured. 


^ From D. K. Clark’s Rules and Tables. 
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TABLE XI 

Wob Platos— thickness of. 

Tahk'^ for determining the tktclnes$ of weft plate, suitable for a given 
sliearing strL^s per foot ileptU of ginler, at -varjing widths of plate between 
supports (whether L irons of flanges or vertical stiCfeners) The Table :s 
founded on the formula _ 48< 


91 (Unwms Iron Bridges and Roofs), 
w here T is the stress in tons , t the thickness of web plate , h the unsupported 
width of plate in feet 

To tiM the Table — Find the lea«t unsupported width of plate m the top 
row of figures, and underneath it find the number nearest in excess of the 
gn cn shearing stress in tons per foot depth of girder The correspondmg 
thickness of plate wall bo that required 

For example, a girder 3 feet deep has a maximum sheanng Btre«3 of 18 
tons = G tons per foot of depth the distance between the L irons is 30 inches. 
Under the number 30 we find C 3 tons, and the corresponding thickness is 
f which is to bo the thickness at abutments 



Obviously the Table can bt used for determining the thickness of w eb 
plate at any part of the girder, as well as at the abutments, when the sheanng 
stress IS known , and it is easy to find thicknesses for unsupported widths not 
gnen in the Table by estimation between the widths aboxe and below The 
safe compression shearing stress used in the formula is 4 tons per "quare inch, 
and as the a«sumed diagonal pillar, 12 mclies wide, is not independent but 
continuous w ith the adjacent parts, the stresses given in the Table are w ell on 
the safe side If, therefore, the gixen stress is but little o\era tabular number 
it w ill be «afe to use the corresponding thickness instead of the next greater 
If, for example, the stress is 1 1 tons per foot of depth, and the unsupported 
width 30 inches, it axiU be quite safe to use a web plate | thick 

TABLE \II2 

■Weight of Hoof Framing, Ceilings, etc 
Ceiungs 

Lath and plaster ceibng 8 ) lbs per square foot horizontal 

Ceilingjoists Sj surface covered 


* Kindly given to the ivriter by Mr C Light 

2 The weights of framing of iron roofa are taken from vanous sources , those for 
wooden roofs fiom 1 1 Cons^rKtiton by Col A^ray RE 

BO — IV Z 





NOTES ON BUILDING CONSTRUCTION 


Fuamin'o, r.TO., 'Woowr.K Ilooi's. 


Common rafters 

.3 1 lbs. per aqniirc foot of roof 

Collar beams . . . . . _ . 

2 \ surface. 

Framing for wooden roofs, including imrlins ni;d 

ridge boards, but exclusive of 

lie beams — 



„ f lbs. iK-r square foot of roof 

20 feet span, king post, rise ^ sjtan . 

“ 1 .surface. 

30 ,, j) jt ... 

iy 

■“ tt s ft 

•10 ., (inccn ])ost; ,, ... 

O 

- 11 M 

fiO ,, II II ... 

!t ri 

GO ., ,1 ,, ... 

■1 II II 

Tie bc.ams — 


20 feet span, king post 

11 Ib.s. per foot run of lie. 

30 ,, )j ..... 

liO 

40 ,, queen post 

13 It It 

oO ,, ,, ..... 

20 

00 II II ..... 

30 ,, ,, 


Fuamixg of Inox Roofs, 



Sinn 




Weiglil per .snimre foot of horizont.al 






ill Ihs. 


Description. 

centres of 
end pins or 
centres of 
ribs. 

Uist.ance 
np.srt of 
rrmcipnl.s. 

Xntnrc of 





Covering. 

OfFrin- 

ci]«l. 

Of Fur- 
lins. 

Tot.nl 

Iron- 

tvork.t 

Tot.nl 

with 

covering 

1 

ft. in. 

ft. 

in. 






Trussed Hoofs. 

20 0 

8 

0 

Skates 

2-0 

From 

t) *0 

16*5 


30 0 

to 

on 

2-5 

2 '5 to 

6-0 

17-0 


40 0 

12 

0 

boardin" 

3*0 

4-0 

6 '5 

17 '5 


.oO 0 

* • * 



4 ’5 

. • • 

7*ij 

18-5 


CO 0 



• • ♦ 

5-5 

» • • 

8-5 

19-5 

Do. type, Fig. 392. 

lie 0 

25 

0 

Zinc 

8-3 


. . . 

. * » 

Boxvstring Hoofs. 
Birkenbcad , . 

f91 4 
\9S 4 

25 

0 

Zincand 

glass 

0-0 

5 '5 

13 

21 

Charing Cross . 

105 10 

35 

0 

do. 

10-4 

> « • 

t • • 

37? 

Cannon Street . 

192 4 

33 

0 

Slate and 
glass 
Cornigd. 

16-4 

... 

... 

37 

Birmingham . . 

212 0 

24 

0 

11-0 


'20 

25 

Liverpool — 




iron 





Lime Street . 

212 0 

32 

0 

Zinc and 

14-5 

• • * 


38 

Arched Hoofs. 
Glasgow — 

"St. Enoch . . 

Manchester — 

198 03 

36 

10 

glass 

13-2 

12-2 

32 


Ceil ti-al Station 

210 03 

35 

0 






St. Pancras . . 

240 03 

29 

4 

Slates 

16-7 



36 

Hinged Arches. 
Cologne — 




and glass 





Central Depot 

208 3 

27 

10 

Cornigd. 
iron and 

... 

... 

32-8 

... 

Jersey City , . 




glass 





252 8 

58 

0- 

do. 

... 



30? 

Philadelphia . 
Paris Exn. — 

259 8 

50 

2- 

“Tin” 
and glass 





Palais des 








Machines . . 

362 9 

70 

6 

Zinc and 

17-8 

14-3 

32-8 

40-5 

Chicago Exn. — 




glass 





Liberal Arts . 

368 0 

50 

0 

... 





1 For ordinary trusses up to 60 ft. span these weights do not include wind bracing, ironwork to 
Xiouvres, standards, etc. or guttering. ~ Centres of pairs of arches. 3 Clear spans. 
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TABLE Xlin 

Weight of Hoof Coverings. 

Lead covering, mduding laps, hut not hoarding or rolls 
Zinc cohering „ 14 to 16 «inc gauge 

Corrugated iron, galvanised, IC WO 
„ „ „ 18 WG 

„ » » 20 WG 

Sheet iron, IG WG 
„ „ 20 WG 

Slating laid \Mth a 3 inch lap including nails, but not 
battens or iron laths — 

Slates, Doubles, 13 inches x£> inches, at 18 ewts. per 
1200 

„ Ladies, IG inches x 8 inches, at 315 cut® per 
1200 

„ Countesses, 20 inches x 1 0 inches, at 50 c\\ t« per 
1200 

„ Duchesses, 24 inchesx 12 inches, at 77 cuts per 
1200 

Tiles, plain, 11 inclicsx 7 inches, laid uitha 3 inch lap 
and pointed wtU mortar, including laths and 
absorbed rain 

„ pan, 1 5^ inches x 0^ inches, laid tnth a 3 inch lap 
and pointed uitb mortar, including laths and 
absorbed ram 

„ Italian (ridge and furtonX not including the board 
ing, but including mortar and absorbed ram 
Slate battens, 3i inches x 1 inch — 

For Doubles * 

For Countesses 
Boarding, | inch thick 
„ 1 „ 

„ li „ 

Wrought Iron Laths, angle iron' — 

For Duche«s Slates 
For Countess „ 

Ca<=t Iron plates, •! inch thick 
Thatch, including battens 


Ter square foot 
lbs to 8k lbs 
If „ to l| „ 
3k 


4 

2 

2k 

i; 


6k 


TABLE XIV 
Wind Pressure. 


Wind pressure normal to a roof surface from Hutton’s formula, viz 
Fk — ^(sm i)^ 8ico*i-i j taking P=50 lbs per si^uare foot 


Pjtch of Roof (i) 

»• 

15* 

20 

21*} or 
iBpan 

25* 

26 *ior 

ispan 

30* 

33 ior 
ispan 

35* 

40 

45* 

50 

formal windprea 
sure in Iba per 
sq foot (Pa) 

12 1 

18 

20-6 

252 

2S8 

302 

330 

86 6 

37 3 

41 6 

43 

47 6 


^ This table is taken from Insinidim tn Construchon, by Col Wray, R E 
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TABLE XV. 

Scantlings for Wooden Eoofs. 

The roofs are supposed to be of Baltic fir covered Avith Countess slates laid on 
inch hoards ; the maximum horizontal wind force is taken at 45 lbs. per foot super 
acting only on one side of the roof at a time, eq^uivalent to a normal Avind pressure of 
30 lbs. per square foot for a pitch of 30°, and 40 lbs. per square foot for a pitch of 45°, 
The common rafters to be 1 ft. from centre to centre, but in sheltered positions 
they may be placed 1 ft. apart in the cleai\ 


A 


Eoofs avithoitt Ceilixgs. — Pitch up to 30°. 


Nature of 
Roof. 

Span in 
feet. 


Collar. 

In fixing 
the collar 
to the 
rafter the 
latter 
should 
not be cut 
into. 

Remarks. 

Walls cap- 
able of 
resisting 
thrust.* 
Collar 
placed 
i-way up. 

Walls not 
capable of 
resisting 
thrust, t 
Collar 
placed J- 
ivay up. 

* The fc 
built in L 

roof ; alio 

openings, 
below roo 

Stone 

Willis. 


Couple. 

S 

10 

12 

Bdth.Depth. 
2" X 3" 
2"x3V' 
2"x4" 


_ 

16" thick, 
not over 
15 ft. high. 

Span of roof 10' -j 
Span of roof 18' -| 

0" thick, not over 7' high. 
.14" „ „ 14' „ 

^ ® ji 

li" „ ,, 10 ' 

t men the walls are not capable of resisting the thrust 
of the roof, place the collar low down ; but if the 
collar is required half-rvay up, the scantlings must 
be increased as follows 

Rafters, add one-fourtli to both breadth and depth ; 
Collar, add 3" to depth ; but it would be better to use 
the scantlings for walls capable of taking the thrust, 
and make some an-angement to prevent the walls from 
spreading, such as tying the wall plates together at 
intervals. 

Collar 

Beam. 

8 

10 

12 

14 

16 

18 

1 ^X 2 ^" 

li"x 2 i" 
li"x 2 i" 
13" X 3" 
2"x3i" 
2"x3|" 

2"x3i" 

2"X4" 

2"x4i" 

2 i''xn" 

2i"x5t" 

2 i"x 0 " 

2"X2V' 

2 "x 2 ji" 

2 "x 2 |" 

2"X3" 

2"x3i" 

2"X4" 



Tic Beain.J 
Depth in- 

Princip.al 

King 



Straining 

Purlins. § . 

Common 

King 


eludes 3" 

K&fters. 

Post. 



beam. 


Rafters. 

Post. 


for joints. 






ing. 


Trusses 

20 

3"x4i" 

3"x5" 

3"x23" 

3"x3" 


_ 

5"xr4" 

2"x31" 

10 ' centre 

22 

3"x4i" 

3"x51" 

3"x2r' 

3"x31' 




5"x7|" 

2"x33" 

to centre. 

24 

31"x4i" 

31"x5i" 

31"x23" 

3S"x3l" 

— 

5"x8" 

e)t/ y 4 /f 


26 

31" X 43" 

3i"x5}" 

3.‘"x23" 

t3|"x4" 


— 

5"x8i" 

2"x4j" 


28 

4"X4S" 

4"x5A" 

4"x23" 

4"X4" 


— 

5"x8V' 

2"X4V' 


30 

4"X4§" 

4"X0" 

4"x2|" 

4"x4.>' 

r 

__ 

5"X8|" 

2"x4t" 





Queen 










Posts. 






Queen 

32 

1 41"X41" 

41"x43" 


4V'X2V' 

4V'X5V' 

5"x7i" 

2 "XSl" 

Post. 

34 

4>"X4‘;" 

41"x5" 

4J"X23" 

4i"x24" 

41" XG" 

5"x73" 

2"X81" 


30 

4f"x43" 

43" X 5" 

43"X23" 

43" X 3" 


43"XG1" 

5"XS" 

2"X4" 

Trusses 

38 

4j"x4i" 

41"X5V' 

43"X23" 

43"x3V' 

43"XG3" 

5"X8" 

2"X4" 

10 ' centie 

40 

4}"X5" 

43"x55" 

4?"X2J" 

43"x33" 

4i"x7i" 

5"xSi" 

2"X4}" 

to centre. 

42 

5"X5" 

5"x5i" 

5"x23" 

5"x33" 

5" XT!" 

5"x8V' 

2"x4i" 


44 

5"x5i" 

5"X5!" 

5"x23" 

5"X3V' 

5"XS" 

5"x84" 

2"x4r 


40 

5i"x5i" 

5J"X03" 

' 5i"x2i" 

sp'xsj" 

SJ"x 8 i" 

5"XS3" 

2 "X 6 " 
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TABLE XV — Continued 


B 


Boors WITH Ceilings. — Pitch up to 30* 


Nature of 
Roof 

Span 

In feet. 

Common Rafters 

Collar* 




Collar 

Deam 

8 to 18 

Addl to depths given 
in A 

Add} to 
depths 
given in 
A 

not be cut into As regards walls capable or not cap 
able of resisting the thrust of roof seeremarks under A. 

Kins 


Tic beam t 

Principal 

Rafters 

King 

Post 

Struts 

Straining 

beam 

Purlins 1 

10 ft bearing 

CoDimon 

Rafters 

Trusses 
Kf centre 
to centre 

20 

22 

21 

26 

2S 

SO 

1 xT 

41 xs'^ 

41 X8l 

41" X 9 

4| X9i 

4 X4 
I'xll 

41 X4j 

4i x5 

4> X8J 

11 X6| 

4 X3 

4 x3 

4j XS 

41 X3 

4i X3 

4} x3 

4 X2} 

4 x3 

41 X3 

41 X3' 

41 x»l 

4J X3J 

E 

5 x7i 

5 x7} 

5 xS" 

5 xS}' 

5 x84 

6 X6| 

2 X8i 

2 X3i 

Z X4 

2 x44 

2 xii" 

Z X4| 

Queen 

Post 

Trasses 
W centra 
to centre 

32 

31 

30 

38 

10 

13 

41 

16 

li 

4J X8J 

5 X8i 

5 XV 

31 XO 

64 xoi 

6i XlO" 

IJ XH 

4! X6| 

4} xOl 

6 X6 

5 xCJ 

Si x6i 

61 xcl 

8i x:| 

Queen 

losts 

4} xS 

4} x3’ 

4} xS 

6 x3 

6 x3l 

6} X3| 

64 x3| 

6} X4 

4J X21 
li-xn 

4} Xt 

6 x3 

6 X31 

6} X3 

64 X8l 

6} X31 

1} XS} 

41 X7| 

4| XSl 

6 X6| 

6 X9 

Si xp 

5i Xtll 

Sj XlO 

la 

6 x8^ 

6 X8 

6 x8l 
./ xsr 

6 x84 

6 x8i 

Z xSJ 

2 xSi 

2 x4 

2 x4 

2 X4l 

Z Xii 

Z xi\ 

2 x& 


Fop Boots of 45* Pitcii — Add 1" to the depth of common rafters, purims, and 
struts, and to the depth of the pnncipal rafters, as giren in A and B 

$ The joint of the tie beam with the pnacipal rafter should be placed tmvudiateli/ 
OYor the supporting wall If tins cannot he conveniently done, the depth of the 
tie beam should be lucrcased one or two inches 

§ If the purlins, instead of being placed immedutely over the joists, are placed 
at intervals along the principal rafter, increase the depth of the latter, given m the 
Tables, as follows 


T - fioi^Aoiit ceiling 2 , 

King post roof I 


^ .rv^xthout ceiling li'. 

Queen post roofj,^,,^ „ y 

The purlins if placed 2 feet apart and with 10 feet hearing may be made 5x6 

The scantlings of the principal rafters, stmts, and straining beam can be slightly 
modified by means of the following rough rule “ For every i'' deducted from the lesser 
dimension of the scantling, add to the other dimension, and nee tsrsd For the 
tie beam, purlins, and common rafters, so long as the depth is about double the 
breadth, deducted from the breadth requires J* to be added to the depth 
Tins Table is derived from the "War Office practice 


TABLE XVa 

Coefflcients of Friction. 


Angle of Repose /^tan ^^coefficient of friction 




/ 


f 

/ 1 

Slisonry and brickwork (dry) 

31* to 8., 

6to 

Wood OR stone 

22* 

4 1 

7 to -3 

, witli wet mortar 

25i* 

47 

Iron on stone 


, with slightly damp 

3«i’ 

"d 1 

Wood on wood fdry) 

14* to 264 

25 to 5 



61 

Metals on metals (dry) 

Hi 

15 to 2 

, on moist clay 

18F 

33 I 

Smoothest and best greased 
surfaces 

IJ* to 2* 

03 to -036 


Baukine’s values 
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TABLE XVI. 


Hetaining Walls.^ 


Angle of repose {(p) of various earths, 


and value of K=07 tan 


90 — 


Description of Earth. 

? 

HDHi 

Dcsci’iption of Eartli. 

<P 


Fine dry sand . 

37 to 31 

0-35 to 0-40 

Loamy earth, consoli- 



Sand, wet . 

26 

0-44 

dated and dry 

40° 


,, very wet . 

32 

0-39 

Clay, dry , 

29 

0-41 




, , damp, well 



Vegetable earth, dry . 

29 

0-41 

drained . 

45 

0-29 

„ „ moist 

45 to 49 

0-29 to 0-26 

,, wet . 

16 

0*53 

„ „ verywet 

17 

0-52 

Gravel, clean 

48 

0-27 

„ „ consoli- 



,, with sand 

26 

0-44 

dated and dry 

1 

49 

0-26 

Loose shingle 

39 

0-33 


TABLE XVII. 

Weights of Earths, Stone, etc.- 



Pounds 

avoir- 

dupois 

per 

cubic 

foot. 


Pounds 

avoir- 

dupois 

per 

cubic 

foot. 

Basalt .... 


Concrete, lime. 

118 

Batlistone 


Earth, vegetable 

90 

Brick, common stock 

115 

„ loamy . 

80-100 

„ red facing 

130 

„ semi-fluid 

110 

„ fire 

150 

Granite, Aberdeen . 

164 

Brickwork, in mortar 

110 

Gravel, Tliames 

112 

„ in cement 

112 

Limestone, lias 

156 

Cement, Portland 

87 

Lime, ordinary quick, stone 

53 


112 

Masonry, rubble 

140 

Chalk, solid . . < 

to 

„ ashlar, Portland . 

150 

■ ( 

175 

„ „ Granite . 

160 

Clay, with gravel 

130 

Mortar, new 

110 

„ ordinary 

120 

Portland stone . 

145 

( 

137 

Sandstone, Craigleith 

145 

Concrete, Portland cement < 

to 

Slate, Welsh . 

181 

1 

142 

Sand .... 

119 


Prof. Unwin’s “ Eailway Construction ” as regards the value of (p. 
- From R. E. Aide Memoire. 
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TABLE XVIIa 

Tablo or Thickness* required for Arcbos, Somloircular 
Arches, and Arobos of 120*. 



OrtlDsr^r S'snll*, l*rl Ijes, »t'' 

S'tileJttnlar Arche* ot 110 

lirsurks 

M«ne 

micx 

ItotUe 

ftnne 

ItWk 

Mene 

Slone 

i'jnn of S frtt and Jc.i* 

0 B 


0 10 

0 f> 

1 , 0 101 


,, 6 ,, 

0 0 

1 

0 11 

0 10 

110 


t* ® «i 

.. 10 1. 

0 10 

1 

1 0 

0 11 

14 ' 1 14 

Tlic arches are 

.. 12 „ 






nssiirocil to l)C 







built m Rclb 

.i 10 H 


n 

1 ' 


oil? 

ma<le hydraulic 

t. l‘< M 

1 3 



1 4 

2 18 

lime mortar 

»i 20 ,, 

1 4 

*1 

t 7 

1 S 

2 1 9 


,, ?2 ,, 

1 3 

2 

1 8 

1 0 

2 , 1 lOJ 


.. -> .. 

1 C 


1 0 

1 7 

2i ' 2 0 



* War DciMnoiebt (fl'roy) 


TABLE XVIH 
IIYDIIAULICS 

Plow of Wfltcr In Pipes running fbH (gollons per min.) 


CalcuUfcd from Dare/* fonnulx 


tstcerfthe 

esrmtl'in 

C*W»poBj 
in* ilamrler 
of pf w ia 
Ineiiet. 

' Inlmul 
' «U»}neter<>f 
pipe sllowlnz 
1 rlnrni«ts 
tint! 1 

1 

Istae of the eipcMion 

fi O’- 

CorrejpoB J 
lag UUiiieter 
ol pipe in 
laches. 

Ifitental 
ilUmeterar 
pll« allowing 
for Inensta 
tlon t 

1 

0 3J 

i 

31,600 

2 14 


ft 

0 48 

i 

60,000 

2 3G 

C‘l, 

IS 

0 54 

•/, 

02,000 

2 57 

3 

43 

0 G4 

1 

140,000 

2 70 

S'U 

117 

0 75 

>/. 

20'«,000 

3 00 

S'U 

2*.0 

0 SO 

1 

290,000 

3-21 

J’/. 

370 

0 20 

/V. 

420,000 

3 43 

4 

810 

1-07 

n 

760,000 

3 SC 

4'li 

1,410 

1 18 

vu 

3,310,000 

4 29 

5 

2,200 

1 20 

H 

2,150,000 

4 71 

S'/t 

3,400 

1 30 

iV. 

3,400,000 

6 14 

G 

B,020 

1 50 

11 

7,600,000 

6 00 

7 

7,400 

1 Cl 

A 

16,500,000 

7 00 

8 

10,200 

171 

2 

32,800.000 

8 00 

9 

20,600 

I 03 

S’U 

60,200,000 

9 00 

10 


L=lenglli of pipe; IlsaraUable li«Acl, Gsiducltat^o in gallons per minute 
t Tlie allowance mule for incrastation Is 

itli of diameter for pipes omier 0 inches In diameter, 

1” for pipes orer 6 inches diameter 
TliepxxHi that are noi marlet sizes arcj>nntcd xn tlaltes 
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Examjylc . — The length of a pipe is 500 feet, the available head is 30 feet, 
and the discharge is to be 600 gallons per minute. AVhat ought the 
diameter to be, allowing for incrustation ? 


We have 


^ , G2 = . 6002 ^ 6,000,000. 

I-I 30 


A 7" pipe would therefore be required. 

The discharge from this pipe wlien neAv will be 


16 , 500 , 


000 X 30 


500 


= 995 gallons per minute. 


And when incrusted 




7,500,000 X 30 


500 


= 670 gallons per minute. 


TABLE XIX. 

< 

HYDIIAULIGS. 

Plow of Water in Pipes running full (cubic feet per min.) 

Calculated from Darcy’s formula. 


Value of the 
expression 

L p<2 * 

H 

Corresponding 
diameter of pipe 
in inches. 

Value of the 
expression 

— . F2. * 

H 

Corresponding 
diameter of pipe 
in inches. 

6-6 

4 

14,380 

18 

17-6 

5 

18,800 

19 

53 

. 6 

24,900 

SO 

115 

7 

31,500 

SI 

227 

8 

39,600 

SS 

427 

9 

49,400 

SS 

730 

10 

61,500 

24 

1,190 

11 

.75,700 

S5 

1,850 

12 

91,700 

SG 

2,740 

13 

110,600 

S7 

4,020 

U 

133,400 

SS 

5,740 

15 

158,300 

S9 

7,880 

16 

188,000 

30 

10,650 

17 

... 

... 


* L= length of pipe ; H = available head ; F= discharge in cubic feet per second. 
No allowance is made for incrustation. 

The pipes that are not market sizes are printed in italics. 

This Table is used in the same way as Table XVIII. 
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TABLK XA * 

Cast Iron Plpoa— Tliickncsa, Weight, nnd Strength 



Kvit lo TaJJ*— Flanges.— Tlje additional vciglit for a pair of flanges is reckoned 
ns cquiralcnt to that of a lineal foot of iii»c , equal to 11 per cent extra for fl feet 
lengths. 

* From T) K Clarks / Kies an f 

* The thicknesses In this column are ohtained from the following formula deduced 
by Hr Clark from Jlr Bateman s practice — 


where t = thickness of the pipe in inches, 

11 =the head of pressure in feet of water, 
(fsthe inside diameter of the jipo in inches 
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TABLE XXI. 


HYDRAULICS. 


Loss of Head due to Bends. 


Wlien mean velocity of flow is 1 foot per second. For otlier velocities, 
multiply by the square of the velocity. 


Radius of Bend 
Diameter of Pipe’ 

Loss of Head for each Degree of 
Change of Direction. 

1 

0-000025 

1-25 

0-000018 

1-5 

0-000015 

2-0 

0-000013 

3 

0-000011 

4 

0-000011 

5 

0-000011 


Example . — Find the loss of head caused by a bend of 20°, of 2 inches 
radius in a I" pipe ; velocity of flow, 4 feet per second. 

Radius of bend 2 


Diameter of pipe 


= Y* Hence loss of head = 0’000,013 x 20° x 4^. 


TABLE XXII.1 
HYDRAULICS. 

Loss of Head due to Elbows. 

= eV^, where e can be found from the following Table. 


i 

1 -* 

o 

o 

20° 

o 

O 

CO 

0 

o 

0 

O 

60° 

70° 

o 

O 

OO 

90° 

1 




0-0022 

0-0036 



■0115 

■0152 


^ From Hurst’s Pocket Book. 
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TABLE A.\Iir 
JIYERADLICS 

Pipoa flowing partially full 

Relation betrreen wetted penmeter, 1^=^ D, and cross section of flow, 
A = D', where ^ is tho iiiif;lQ suhtended at the centre by the wetted 

perimeter, and D n the diameter of tho pipe (sec p 2S2) 


E 

1)1 

f 

li 

A 

111 

r 

>■ 

1 A 

1)^ 

P 

U 


P 

U 

A 

U-i 

01 

0 00025 

O'? 

0 052 

13 

0 260 

1 9 

0 551 

26 

0 745 

0-3 

0 00187 

08 

0 075 

n 

0 307 

20 

0 594 

26 

0 760 

03 

0 0061 

0-0 

0103 

10 

0 357 

21 

0 633 , 

27 

0 771 

04 

0 0105 

10 

0 136 

16 

0 406 

22 

0 669 1 

28 

0 779 

00 

0 020 

1 1 

0 17-4 

17 

0 456 

23 

0 699 1 

39 

0 7S2 

06 

0 034 

12 

0 203 

18 

0 505 

24 

0 725 ' 

30 

0 785 


TABLE XXIV 
IIVBRAULICS 

Jets— Factors to find initial volooity. 


II* 

d 

Factor 

(J) 

300 

0 98 

COO 

0 95 

1000 

0 92 

1500 

0 89 

1800 

0 84 

2800 

0 77 

3500 

on 

4500 

0 50 


* H=head at nozzle, d=:diaineter of nozzle 
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NOTATION AND WORKING STRESSES. 

TABLE XXV. 

NOTATION. 

Tie following is a list of the notation employed in this volume : — ■ 

General. 

rj, safe resistance to hearing in lbs., cwts., or tons per square inch. 



M )) 

compression „ 


?> }> 

shearing „ 

n, 

5) 5) 

tension „ 

E, modulus of elasticity. 

Rj or R^, 

total safe resistance to tension. 

Rc, 

9) 

„ compression. 

Rs) 

99 

., shearing. 

Rfi) 

99 

„ bearing. 

Beams. 




h, breadth in inches. 
d, depth „ 
fo, modulus of rupture. 

Ij moment of inertia. 

L, span in feet. 

I, „ inches. 

M, bending moment generally. 

Me, „ „ at centre of beam. 

„ „ at any point P. 

Ui, moment of resistance generally. 

Mp, moment of resistance at point P. 

Eji, reaction at abutment A. 

JJ J) H. 

To, limiting stress in lbs., cwts., or tons per square inch on the outside 
fibres of a beam. 

Sp, shearing stress at point P. 

IV, concentrated weight or load on a beam, also total distributed load. 
w, distributed load per inch or per foot run. 

He, distance of neutral axis from extreme fibre on compression side. 

Ho, distance of neutral axis from extreme fibre on compression side, sub- 
ject to stress Tg. 

yt, distance of neutral axis from extreme fibre on tension side. 

A, maximum deflection in inches. 

Tension and compression Lars. 

A, effective cross-sectional area. 
d, “ least diameter ” of a long column. 

Riveted joints. 

h, breadth of the bars or plates to be jointed. 
d, diameter of rivet boles. 

1:, number of rivets in the first row. 
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N, number of phtes on c'tdi snle to be connectetl 
number of rivets in each end group 
Hjj n ]i between the joints 

1I3, number of n\et holes to he deducted from the cto «3 section of co%er 
plates, 

Tft, total safe resistance to hearing 
T„ „ „ shearing 

f, thickness of plates. 

„ » co\er plates 

a, number of rueta required for hearing 
f 3 , „ ,, shearing 

Plato girders. 

Ae, effective area of compression flange 
A|, ,, „ tension „ 

D, „ depth, t e distance between centres of grai ity of flange« 
tie, thickness of ueb 

Braced or framed girders. 

j, compression in the bar <*^,<15 of the top boom 
d, depth, t e distance between centres of grai it\ of flanges 
141 etress (tension or compression) m brace 
«, number of triangles 

tension m the bar n|3,aj^ of the loner boom 

Hoofs. 

H,,, horizontal reaction at abutment A due to wind 



« 11 

A „ temperature 

Hb, 

» i> 

B „ umd 


)i » 

B „ temperature 

Pb» 

horizontal wind pressure 


P„, 

normal „ 


Py. 

vertical „ 


Pr» 

reaction at abutment A- 


E.. 

» » B 


s«, 

stress (tension or compression) 

m member AB 

V^, 

vertical reaction at abutment A due to wind 

» „ B „ 


Masonry structures. 

p, intensity of pressure at any point of a bed joint 
P(max)i greatest intensity of compression on a bed joint 
Tp see Beams 

Hetaining walls. 

H, height of n all 

K, constant depending on ^ (angle of repose) 

T, thickness of wall avith vertical sides. 

T^, mean thickness 

IV, M eight of a cubic foot of the material of the wall 

<f>, angle of repose of the earth to he retained 

to, weight of a cubic foot of the earth to be retained 
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Arelios. 

n, liorizonUl thrust. 

P^,Po, etc., total preFs-urc on joints between voussoir.‘5. 

V, vertical component of ])ro.s3uroB. 

. n'pti’o, etc., loads on each vous.soir. 

AV, total load on an arcli. 

Hydraulics. 

A, area of cross .'jcction of How. 

D, diameter of n pipe in feet, 
d, „ „ inclie.s. 

F, discharge in cubic feet per .second. 

G, discharge in gallons per miimtc. 

II, eflective head of water in feet, i.c. tlie actual head reduced by the 
various los.scs. 



loss of head due to bends. 

H., 

33 

„ elbows. 


3J 

„ orifice of cntiy. 

H,, 

33 

„ velocitj". 


J, factor for jets. 

L, length of a pipe in feet. 

R, hydraulic mean depth. 

S, slope of a pipe. 

Y, mean velocity of flow in feet per second. 


TABLE XXVI. 

WORKING STRESSES. 

The undermentioned are the working stresses that have been used in this 
volume : — 


Shearing 


Cast Iron. 

Girders 


Wrought Iron. 

Rolled beams . 


Built-wp girders 
Roofs . 


Tension bars and rods Tension 
Riveted joints . Shearing 


Tension 1-i tons i^er square inch (see p. 94). 
Compression 8 „ » ( » ). 

^ ^ » » (>).)• 


Tension 5 tons per square inch (see p. 82). 


J) 

)5 


5> 

n 

5J 


Compression 4 
Shearing 4 

Tension 5 
Compression 4 

Tension 5 „ „ 

Compression (depends on ratio of 

length of struts to least 
diameter) 

5 tons per square inch ( 
Bearing 8 „ » ( 


( „ ). 

( » ). 

(see p. 156). 


35 ' 
33 


33 

33 

33 


156). 

108). 

332). 


106). 
123). 
» ). 


53 
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Pm jointt 

Fcn\’'t . 

Mild Stool. 
PcVfd hctivu 

Timber. 

l\r (»ui>cnor) 

Ftr (irifenor) 


ad 


Brickwork. 
In .Vortif 

In CfnjfTjt 


Shearing t tons per square inch (fcc p I-iO) 
lUanng 5 „ „ ( „ 111) 

Sicaniig 2 „ tit I*!®) 

Tentioii 6* tons jKr square inch (see p. 03X 
Comp^c^sJonC5 „ „ ( „ 03) 


Ten* on 12 CT\t\ j>cr square inch (see p ICO) 
Comprv«Ajon 10 „ „ ( n n )• 

Slionng 13 „ „ ( „ „ ) 

llcanng 12 „ „ ( »» » ) 

Ten'ion 10 „ „ ( „ 1C2). 

Coinpre»»ion 7 „ „ ( « « )• 

Shetniig 13„ „ („ „): 

llcanng 7 „ „ (»..)■ 

ToiiMon IC „ «• ( „ 328\ 

Otioiprc^ion 13 ,, „ (»!«)• 

''hearing „ „ ( „ „ ) 

r^anng 25 „ „ ( „ „ 


C<impre*«J<‘n 05 cwta. |>cr square inch (*cc p. 223) 
^laijcnou OOC „ „ ( „ 227) 

ComprevMon 0 8^ » ( , 2C9). 

Adhc-Mon 0 1 m »> ( 328) 
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Braced girderp, 187 ; application of 
load, 188 ; different forms 
of, 187 ; dimensions of bars, 

193 ; grapliic inetliod for, 

194 ; lattice 187, 194 ; N, 
188; N (braced), 188; prac- 
tical formula for, 193; pro- 
portion between span and 
depth, 188 ; IVliipple- 
Murpliy, 188 ; stresses in, 
188, 190. 

„ structures, 177 ; different forms 
of, 180. 

Breaking load, 5. 

„ stress, 8, 49 (see Ultimate 
stress). 

Brick chimney, calculations for, 225. 
„ pier, calculations for, 222 ; arch, 
254. 

Bricks, brickwork, coefficient of friction. 
Table XVu. ; safe resistance of, 
Table la. ; weight of. Table XVII. ; 

Brickwork structures (see Masonry). 

Built-up X beams, 93, 

C 

Cantilever, ca.st iron, 101 ; timber, 
76-79 ; wrought iron, 22. 

Cast iron, resistance of, 94 ; moduli, 
weight, ultimate resistance. 
Table I. ; safe resistance, 
94, Table I«., XXVI. 

,, cantilevers, example, 101. 

„ columns, examples of, IIG, 
117. 

, , girders, 94,103; approximate 
formula) for, 95 ; camber 
for, 100 ; casting, 100 ; 
centre of gravity of, Apj). 
XII., XIIL ; depth, 100 ; 
examjdc of, 103 ; flanges, 
99 ; graphic method for 
flndingsection,96 ; mathe- 
matical method, 99 ; mo- 
ment of inertia for App. 
XIV. ; practical points, 
99 ; resistance of, 94 ; 
6trc.‘5S areas, 97 ; uniform 
strength, 100; web, 100. 
„ pipe?, thickness of. Table XX. 


Cement, Portland, safe resistance of. 
Table !«.; weight of. Table XVII. 

Centre of gravity ; calculation for 
cross section of girder, App. 
XII. ; graphic method of 
finding, for parallel forces, 
App. VI. ; graphic method 
for cross section, App. 
XIIL; mechanical method 
of determining, 86. 

„ pressure, 218, App. XIX. 

Chimney, centre of pressure, App. XIX. ; 
example of, 225. 

Circle, moment of inertia for, App. 

XIV. 

Circular arc, substituted for parabola, 3 4 . 

Classification of stresses, 8. 

Clay, angle of repose. Table XVI. ; 
Aveight, Table XVII. ; coefficient 
of friction. Table XVa. 

Clerk-Maxwell {see Maxwell). 

Coefficients of friction. Table XVr/. 

Columns, cast iron, examples of, 116, 
117 ; timber, strength of. Table 
VII. 

Comparative effect of dead and live 
loads, 5. 

Compression, 6 ; resistance to, of cast 
iron,94 ;Avrought iron, 
82 ; steel, 92 ; other 
materials, Table I., lo. 
„ bars, 105, 109 ; ex- 
amples, 115, 116- 

121; Euler’s formula, 
110 ; Eidler’s views, 
110 ; Gordon’s for- 
mula, 113 ; long and 
short, 111 ; Bitter’s 
and Eouleaux’s form- 
ula, 114 ; securing 
ends of, 112; strength 
of, Tables V., VI. ; 
Table for wooden, 115. 
„ riveted joints, 136. 

Concentrated load, 3. 

Concrete, safe resistance of. Table la. ; 
Aveight of. Table XVII. 

Conditions of equilibrium, 14. 

Connections, 122. 

Continuous beams or girders, 74, 
App. XI. ; example, App. XI. 
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Contri {lexuw, j omts of, 70 Tfi, App 
M 

( otlcrjointifonmiKiiul example, 148 ' 
C )Uplc, 43 

Co\cr plate', 124, 125,128,131,132 
Co\crmg (we Roof). 

1 ) 

Darce ss fonnula, pipes IloiMng full, 
2G7 , pqvc' ixarlmllj full, 281 | 

J) }o3<], 4 I 

„ nml in c loads, comiiantn c tffcct I 
ut, 5 

iJincctimi, 12, CO, aiDOiDil alloned, 
CG , of l>canis and cantilca ers, 6C , 
of beams of fir, Tab^c HI , of 
contiHiious lie-uji", Apji \I , of 
fixed beams, App. Vlil , of reel 
angular beams, Ai»ie I\ , of 
rolleil beams, Table IV , formula?, 
re, C8 , of supjwrtcHl Kam«, CC, 
\pp viir 

Dejith of gihltrs, ])late, 154, braced, 
188 , bouetrmg, 194 , cast iron, 
100 , rolled, 91 

Diagrams, Bonv’s «s?tcm of lettenug 
App XMI , Clcrk-MaxuclU, 
182, mctliOil of drauing, 163, 
tales for (Iraumg, App. \VI , 
foraanous roof trusses, 217 , for 
IVarren and K girdeni, 104 , for 
trussed beams, 190, 108 
Dimensions for nveted joints, 13G 
Distributed load, 1 , compared siilb 
concentrated load, App YII 
Double cover gianipcd joint, 131 , 
for plate girders, 132 
Dram pipes, 283 , egg shaped sewci, 
28G 

Drams, example, 283 
E 

Earths, angle of repose, Table XVI , 
ss eight of, Table XVII 
Lffcctne area of tension bars, 106, 
effective depth and span of girder, 
l'>4 

Egg shaped sewer, example, 287 
Elastic limit, 10 , of iron and steel, 
Table I 


Ilasticitj, 10, modulus of, 12, 
tuodulus for various materials, 
Table I 

Elbons, lo«3 of head due to, 270, 
Table XMI 

Elm, ultimate resistance, moduli, and 
u eight, Table I 
Elongation, 11 

Enclosure wall, calculation for, 227 
Equiltlnum, 14 , condition? of, 14 , 
note on, App II 
Equivalent aica of mi-'tance, 47 
Eulers theorj,foi compression bir«, 
110 

Example.? {see List, p xvii ) 

I'xtemal forces acting on a structure, 
15 

Eyc!} of wrought iron tension bars, 
139, Table I\ 

1 jklttcin’s formula, flow of liquids m 
pipes flowing full, 204 

r 

1 actor of Mfvtj , 0, Ajvp 1 
Fidltfs (Prof) rules for stmts, 100, 
ticuson compression bars, 110, 
'lablcfor strength of strut?, Table 
V , II b idler’s drawing of hue of 
least resistance for arch vnth ua 
ayroractneal lo.ad, App XX 
1 jr, ultimate resistance, moduli, and 
Vvcjght, Table I , safe resistance, 
Table lo. 

Eishcd joint, 149 

Fixed learns, CD, bending moment, 
7l 74 , comparison of strength, 
etc, with supported beams, App 
VIII, oljections to, 74 stresses 
On, 69 , Tanous cases, "■ 1 74 
Flanges of plate girders, 155, example*^ 
156, 1G4 , width of, 163, 172 , 
of cast iron girders, 99 
Hexuro, moment of 25 (see Bending 
moment) , points of contra flexure, 
70 75, App \I 

Flow of liquids in pipes, 2G3 , pipes 
ranmng full, 2G4 , pipes running 
partially full, 280 

Force^v polygon of, 180 , triangle of, 

I 179 
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Formula3, arches, thickness of, 253, 
App. XXI. ; beams, 54, App. 
VII., XXI. ; beams, different sec- 
tions, App. X. ; beams, continuous, 
App. XI. ; beams, fixed, 71, 72 ; 
roUed, 87 ; bending moments for 
different distributions of load, 28- 
40, App. YII. ; App. VIII. ; cast 
iron girders, 95, 99 j centre of 
gravity, App. XII. ; compression 
bars, 113-115 ; continuous girders, 
App. XI. ; cotter joint, 148 ; de- 
flection, 66-68, App. VIII., IX., 
XXI. ; egg-shaped sewer, area of, 
287 ; equilibrium, App. II.; fished 
(wood) joint, 149, 150 ; fixed 
beams, 71,72, App. VIII. ; girder, 
approximate weight of, App. XV. ; 
head, loss of, 268-271 ; jets, 288 ; 
masonry joints, 219, App. XIX. ; 
moment of inertia, App. XIV. ; 
open webbed girders, 193 ; pipes 
flowing full, 264-268 ; pipes 
partially full, 280-282 ; plate 
girders, 155 ; retaining walls, 234, 
238,240,244; rive'ts, 136; riveted 
joints, 123-131; rolled beams, 87, 
88, 93 ; roof, reaction at supports, 
206 ; screw, 146; shearing stress, 
56-60, App. VII. ; short, for mem- 
ory, App. XXL ; struts, 113-115. 

Foundations of retaining walls, 244. 

Fracture, 9. 

Framed structure.s, 177 ; different 
forms of, 180. 

Frames, 180 ; overbraced, 181 ; per- 
fectly braced, 180, 182. 

Friction, coefficients of. Table XVa. 

Fuller, Prof., reference to, App. XX. 

Funicular polygon, App. VI. 

G 

Gib, 148. 

Girders, bowstring, 194; box, 170; 
braced, 187 ; built-up, with rolled 
iron beams, 93 ; cast iron, 94, 
103 ; continuous, 74, App. XI. ; 
hog-backed, 176 ; lattice, 187 ; X 
188 ; N (braced), 188 ; oj)en- 
webbecl, 187; ifiate, 153 ; uniform 
strength, 64, 101 ; Warren, 187 ; 


weight, formula for, App. XV. ; 
Whipple-Murphy, 188. {See above 
headings in Index) 

Gordon’s formula for compression 
bars, 113. 

Granite, safe resistance of. Table la. ; 
weight of. Table XVII. 

Graphic method of finding moment of 
resistance inbeams, 46 ; inwrought 
iron rolled beams, 83 ; in cast iron 
girders, 96 ; bending moments 
and shearing stresses^ -^PP- ^^I- 5 
centre of gravity of cross section 
of girder, App. XIII. ; resultant 
and centre of gravity of parallel 
forces, App. VI. 

Gravel, angle of repose. Table XVI. ; 
weight of. Table XVII. 

Gravity, centre of {see Centre of gravity). 

Greenheart, moduli, weight, ultimate 
resistance. Table I. 

Grouj>ed joint, double- cover riveted, 
formulEefov, 129 ; examples, 131, 
132. 

H 

Head (hydraulic), loss of, 261, 268 ; 
due to bends, 270, Table XXI. ; 
to elbows, 270, Table XXII. ; to 
orifice of entry, 269 ; to velocity, 
269. 

Hodgkinson’s experiments on cast iron 
girders, 95. 

Horizontal shearing stress, 55, 60. 

House chimney, calculation for, 225. 

Hydraulics, 260-294; definitions: 
head of elevation, 261 ; liead of 
pressure, 261 ; hydraulic mean 
depth, 262 ; intensity of pressure 
at a point, 261 ; loss of head 
261 ; pressure, 260 ; wetted peri- 
meter, 262 {see Head, Pipes, etc.) 

Hurst, references to, 121, 239, 259, 
264, 270, 275, 283. 

I 

X section, moment of inertia for, App. 
XIV. {see Polled beams). 

Inertia, moment of, 50, 86, 104 ; of 
various sections, App. XIV. 
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Intcn'ity of Ptrc&.% 8 
Iron, angle and tee, wcjglit of, TaUt 
X 

„ rolled, 61 , girilcra {«< Girder*) 

,, ca^t, rcjstance of, 04 , moilult, 
weight, ultunalc rc«i'»tancc, 
tie., TaWo I , Mfc resistance, 
0 1, Tallc In , XWI 
„ columns («ee Columns) 

H pjpcisstrcngtli,lliickne«s,wcight, 
Table \X. 

„ roof?, example of, 200 , principal 
for, 120, ptmts for, 119 ' 

„ struts (we Struts) 

uroijght, resistance of 82, 
MwJjib, ncigbt, wliinjalc re 
srtnncc, Table I , safe resist 
anci., 82, Tables fa , XWI 

J 

JetP, 288, example, 280, 291, 292, 
factors to find \clocit), Table 
XXIV , height, 280 , i«»mng 
%clocit>, 200 , nozzles, 200, path 
dc«cnlwd bj, 289 , range, 288 
Joint?, 122 , at apex and feet of truss, 

1 U , cotter, 148 , m trebs 
of plate girder', ICl, 166, 
pm, 138, 140, meted, 122 
{fit Rncted joints), ecresv, 
14C, 147 

„ m wooden structures, fished, 
149 , scarfcil, 151 , at foot 
of principal rafter, 102 
„ {$ce Masonrj ). 

Joist, fir, 70 , rolled iron, 89 , steel, 
02 

L 

Lattice girders, 104 
Lajer, neutral, II 

Least resistance, Sloselej ’s principle of, 
248 

Le\cr arm, 185 

Light, C , reference to, Table XT 
Lime, quick, weight of, Table XVII 
Limestone, safe resistance of, Table 
la , weight of, Table, XVII 
Limiting stress, 8 
Line of resistance, 221 
Links, various forms, 139 


Li\e load, 4 

>, and dead load**, comparatiie 
effect of, 0 

Load, 2 , breaking, 5 , concentrated 

3 , concentrated and distributed 
loads compared, App VII dead, 

4 , flistributcsl, 4 , lire, 4 , saft, 

5 , safe for fir beam?. Table II , 
on supports, 18 , working, 5 

Long compression bars (see Compres 
Sion bars) 

liOss of head (lodraulic), 2G8 (see 
Head) 

ll 

MasonjT’, Mfc resistance of, Table Ja , 
cocflicicnt of friction, 
Table \V<f , weight, 
Table XVJI 

„ joints, centre of pressure, 

218, App XIX 

„ structures, important, 221, 

unimportant, 221 , con 
ditious of Btabilitj, 221 
line of resistance, 221 
resistance to diding, 221, 
224, resistance to email 
ing, 221, Table la , re 
Bistance to diearing, 221 
single block, S18 , un 
cemented 220 

I ilntcnals, factors of safety for, 9, App 
I , ultimate resistance, moduli, 
j weight in, Table I , safe resistance, 

I Table In , weight, Table XVII 
j Maxwell’s diagram", 182, for braced 
j ginlcrs, 194 , for roof trusse", 

I 217, fortnissed beam's 19C, 198, 

I Bow's sj stem of lettering, App 
XVII , method of drawing, 183 
rules for drawing, App XVI 
Mfean fibre, 135 

Method of sections {see Sections) , 
graphic {see Graphic) 

Blodulus of elasticity, 12 , of rupture 
62 , of rupture for different sec 
tions, 63 , of rupture and elas 
ticity for different material", 
Table I 

Mijlesworth, references to, 120, 246, 
253, 259, 204, 2G5, 2G8, 270 
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Moment, bending, 25 ; of flexure, 25 ; 
of inertia, 50, App. XIV. ; of re- 
sistance, 40 (see Bending Mo- 
ment, Eesistance, etc.) 

^Mortar, safe resistance of. Table In. ; 
■weight. Table XVII. 

Moseley’s line of resistairce, 221 ; 
principle of least resistance, 248. 

X 

X Girder, 188 ; examples, stresses 
on, 190; hlaxwell’s diagrams for, 
194 (see Braced girders). 

„ (braced) gii’der, 188. 

Neutral axis, 42 ; note on, App. IV. 

„ layer, 41. 

Neville’s formula, flow of liquids in 
pipes, 264, 280. 

Newton’s third law, 15. 

Notation, Bow’s, 184, App. XVII. ; no- 
tation in this volume, Table XXV. 

Nozzles for jets, 290. 

0 

Oak, ultimate resistance, moduli, 
weight. Table I. ; safe resistance, 
Table la. 

Open-webbed girders, 187 (see Braced 
girder). 

Orifice of entry, loss of head due to, 
269. 

Overbraced frames, 181. 

P 

Parabola, to draw a, App. Ill,, to 
substitute circular arc for, 30, 34, 
156. 

Perfectly braced frames, 180, 182. 

Perimeter, wetted, 262, 

Perry, Prof., reference to, App. XX. 

Pier, brick, calculation for, 222. 

pillars, cast iron, examples of, 116, 
117 ; at end of girders, 169. 

Pin joints, 138 ; example of, for roof 
truss, 140, 144. 

Pine, American yellow, and Pitch, 
ultimate resistance, moduli, and 
weight. Table I. ; safe resistance. 
Table la. 


Pipes, flow of liquids in, when run- 
ning full, 264, Tables 
XVIII., XIX. : formute— 
Darcy’s, 265, 267 ; Neville’s, 
Eytelwein’s, Thrupp’s, 264 ; 
when running partially full, 
280, Table XXIIL: formulas 
— Beardraore’s, Downing’s, 
Neville’s, 280 ; Darcy’s, 280, 
281; thickness, weight, and 
strength of, Table XX. 

„ drain, 283. 

Pitch of rivets, 136. 

Plate girders, 154 ; booms or flanges, 
155, 163, 166 ; connection of 
web, 161, 168 ; cover plates, 133 ; 
depth of, 163 ; flange plates, thick- 
ness of, 156, 163 ; flanges, width 
of, 163; hog-backed, 176 ; joints 
in flanges, 132, 165 ; joints in 
web, 161 ; proportion between 
. depth and span, 154 ; web, 157, 
166 ; web plates, thickness of. 
Table XI. (sec Box girder). 

Plates, wrought iron, resistance of, 
Table I. 

Pole of diagram, Ap 2 X VI. ; cylindri- 
cal, strength of, Aj^p. X. 

Polygon of forces, 180 ; funicular, 
App. VI. 

Portland cement, safe resistance. Table 
la. ; Aveight, Table XVII. ; stone, 
weight. Table XVII. 

Pressure, distribution of, on masonry 
joint, 219, App. XIX ; hydraulic, 
261 ; uund, 200, Table XIV. 

Principal rafter, iron, calculations for, 
examples, 120, 144 ; as jointed 
and as continuous, 216 ; loads on, 
203 ; joint at head and foot, ex- 
ample, 144 ; wood joint at fool; 
example, 152. 

Punched holes in iron ^jlates, 137; 
in tension joints, 137. 

E 

Eafter, common, Avood, loads on, 201, 
continuous, App. XI. 

„ principal (sec Principal rafter). 

Eange of jet, 288. 

Eankine, reference to, 5, 9, 44, 50, 
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53, GO, 8C, 168, 185, 224, 338, 
242, 248, 353, App I, XIV, 
XIX , TiWe XVfl 

Reaction at supports of loaded beams, 
15 20, of a cantilever, 22, of 
continuous beams, App XI , of a 
gjrder,21, ofaroof,23, xnlesfor 
finding, 18, 20 

Rectangle, moment of inertia, App 
XIV 

Rectangular beams, strength of, 54 , 
deflection of, App I\ 

Repose, angle of, 23G, Table XVI 
Resistance,*! 4 , of masonrj to crusb 
ing, 221 , cquu alent area 
of, 47, safe area of, 48, 
of masonrj to sliding, 
221, least (Moseley’s pnn 
ciplc), 248, ultimate, 49, 
uorknig, 49 (i« Working 
stresses) 

„ to tension, compression, and 
shearing, ultimate and 
safe— of cast iron, 94 , 
woughtiron, 82 , of a an 
OU3 materials, Tables I , la 
{see Working 6tr<.««e3) 

„ to find moment of — beam, 
by experiment, 51, by 
graphic metliod, 4G , by 
reasoning, 40, rolled beam, 
by graphic metho<I, 83 , 
by niatliematical method, 
86 , cast iron beam, by 
graphic method, 9G , by 
mathematical method, 
99 

Retaining wall'', section®, 230, for 
earth, 23G, 239 , examples of, 
241 243 , foundations, 244 , 
formula?, 238, 239, 244 , graphic 
method, 238 , for water, 232 , 
example of, 234 
Reaetments, surcharged, 241 
Ritter’s formula for compression bars, 
115 , method of sections, 184, 
App XVIII 

Rivet holes, diameter and pitch of, 
136 , punched in iron plates, 
137 , nmered out, 138 
Riveted joints, 122 , butt, with single 


cover plate, 124, butt, nith 
double co^e^ plates, 125, 128 , 
dimensions of, 136 , double coier 
grouped, 131 , examples of, 128, 
131 134, fominJu lor grouped, 
129 , general formula) for, 127 , 
in compression, 135 , in tension, 
122 , lap, 123 , oblique, 134 
Rivet'S, iron, 136 , in drilled hole®, 
138 , m punched holes, in 
iron plates, 137 , strength 
of, Table VIII 
„ steel, 138 

Rolleil wrought iron beams or joi«t®, 
81 , ad%antage3 of, 92 , de- 
flection, 91, Table IV , 
depth, 91, examples of, 86 
91, example, load borne bj 
gi\en beam, 88, 89 , girders 
built up with, 93 , market 
sections of, 92 , moment of 
inertia, App \IV , practical 
formal® ^r, 87, 88, 00 , re 
marks on, 01 , section re 
quired for gi%en load, 89 
stress diagram®, 83, 86 
„ steel joints or beams, 92 
Roofs, iron, 199, calculation bj 
method of section®, App XVIII , 
Calculation of principal, 120,214 
diagrams for \arious trusses, 217 , 
distribution of loads, 201 , ex 
I ample, 209 joint at apex and 
I springing®, 144, load®, 199, oc 
cnsional loads, 200 , permanent 
loads, 199 , pm joint, 140 reac 
tlons at supports, 22, 23, 205 
snow, 200, stresses on, 213, 
strut, 119 , weight of framing 
Table XII , weight of roof coi er 
mg, Table XIII , wind pressure, 
200, 208, 210, Table XIV 
Rouleaux, formulffl for wooden struts, 
115 

Rules for drawing Maxwells dia 
grams, App XVI , finding reac 
tions, 18, 20 , sheanng stress, 55 
(see Formula)) 

Rapture, modulus of, 62 , for dif 
ferent sections, 63 , for various 
material^ Table I 
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S 

Safe load, 5, 

„ stress 8 (see Working stresses). 

Safety, factor of, 9, App, I. 

Sand, angle of repose, Table XVI. ; 
weight, Table XVII. 

Sandstone, safe resistance to compres- 
sion, Table I«. ; weight, Table 
XVII. 

Scantlings for wooden roofs. Table XV. 

Scarf joint, in wooden beam, 151. 

Scheffler’s theory, retaining wall, 239; 
arch, 247. 

Screw of tie-rod of roof, 147. 

Screws, 145. 

Sections, method of, 184 ; applied to 
iron roof, App. XVIII. ; 
to Warren girder, 188 ; 
to Whipple-klurphj- girder, 
190 ; lever arm, 185 ; 
turning point, 185. 

„ of box girder, 175, Plate B ; 
cast-iron girder, 97 ; jilate 
girder, 15 4, Plate A; rolled 
beams, 83 ; market, of 
rolled beams, 92, 

Seddon, reference to, 53, 100, 200, 
201 ; Tables I., la., IX,, XII., 
XIII., XV. {see Wray), 

Semicircle, moment of inertia for, 
App. XIV. 

Sewer, egg-shaped, 287. 

Shaler Smith, references to, 139, Table 
IX. 

Shearing, resistance to, of cast iron, 95 ; 

wrought iron, 82 ; of iron 
and steel. Table I. ; of rivets, 
123, Table VIII. ; safe 
resistance to, of iron, steel, 
and timber. Table la. 

„ stress, 7 ; beams (various 
cases), 57-60 ; diagrams, 
55, 60, 157, 166, App. 
V. ; distribution of, 60 ; 
graphic method of finding, 
App. VI.; horizontal, 55, 
60 ; resistance to, in rolled 
beam, 9 1 ; rule for finding, 
in beams, 55 ; vertical, 55 ; 
in web • of plate girders, 
157, 166, 173, Table XI. 


Shingle, angle of rcpo.se. Table XVI. 
Short compression bars, 112 (see Com- 
pression bars). 

Shortening, 11. 

Slate, weigiit of. Table XVII. 

Sleeve, 148, 

Sliding, resistance to, 221, 224, 245. 
Stability of brickwork and masoiuy 
structures, 218. 

Steel, ultimate lesistance, moduli, 
Aveight, Table I. ; safe resist- 
ance, Table I«. 

,, rolled joists, market sections, 
92 ; resistance of, to compres- 
sion and tension, 93. 
Stiffeners, 159. 

Stiffest rectangular beam cut out of a 
■ round log, 80. 

Stiffness, 12 ; of beams compared, 
App. VIII. 

Stoney, references to, 136, 137, 138, 
141, 161, Table VII. 

Strain, 5, Table of, 9. 

Strength of materials, Table I., Ic. ; 

of beams of fir, Table II. ; 
of rectangular beams com- 
pared, Aj)]). VIII. ; of 
beams of different sections, 
Ajip. X. ; of rivets, Table 
VIII. ; of struts, Table V, ; 
of wooden struts, Table 
VI. , 

„ uniform, 64. 

Stresses, 6 ; in beams, 41 ; bearing, 

7 ; breaking, 8 ; classification of, 

8 ; compressile, 6 ; in fixed 
beams, 69 ; limiting, 8 ; intensity 
of, 8 ; repeated, 11 ; safe work- 
ing, 8, Table XXVI.; shearing, 7 ; 
Table of, 9 ; tensile, 6 ; torsional, 
7 ; transA’erse, 7 ; variation of, 1 1 
(see Stress diagrams. Working 
stress, etc.) 

Strongest rectangular beam that can 
be cut out of a round log, 80. 
Structures, braced or framed, 177. 
Struts (see Compression bars), 109 ; 
examples — cast - iron columns, 
116, 117; timber, 115, 118; 
wrought-iron, 119, 120; Fidler’s 
rules for, 109 ; formulse for, 113, 
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114, 116 , Tables for, Tables V, 
VI, VII 

Support**, loads on, 18 , reactions at 
Rule I, 18 , Rule II, 20 
Surcba^edrevettnents,241 , example, 
243 

T 

T iron, moment of inertia for, App 
XIV , weight of, Table X. 
Tables, vanous (see List, p xvi) 

Taps, flow of water from, 272, 278 
Teak, ultimate resistance moduli, and 
weight. Table I , safe resistance, 
Table la 

Tension, G , resistance to, of cast iron, 
94 , of ^ anous materials, 
Tables I , lo , of irronght 
iron, 82 , riveted joints 
in, 122 

„ bars, 105 , effective area of, 
109 , examples of, 108 , 
eyes of wrought iron, 139, 
Table IX 
Terms m use, 2 

Thickness of arcli ring, 253, Table 
XVIIn 

„ of pipe®, Table XX 
Third law, Newton’s, 15 
Thrupp'a formula for the flow of 
liquids in pipe«, 264 
Tie rod, screw of, 147 
Timber beams, 24 , examples, of, 78, 

79 , modulus of rupture, 
52 , of ditferent sections 
compared, App X , for 
mulse for, 54, App XXI 
stiffest beam from 80 , 
strength of, 54 , strength 
of beams of fir, Table II , 
strongest beam from log, 

80 , struts, 115, 118 

„ ultimate resistance, moduli, 

and weight, Table I , safe 
resistance, Table lo 
„ cantilever, 76 78 

„ roofs, note, 217 , scantlmgs 

for, Table XV 

„ structures, joints in, 1 49 


Transverse stress, 7 
Triangle of forces, 1 79 
Trussed beams, 196 , example, 196 
Turning point, 185 

U 

Ultimate resistance, 49 , of cast iron, 
94 , of wrought iron, 82 , of van 
ons materials, Table I 
Uniform strength, beams of, 62 , 
constant breadth, 64 , constant 
depth, 65 , cast-iron girders, 100 
Unuun’s formuloo for w eight of girders, 
App XV , references to, 125, 136, 
141, 163, 200, Apps I, XV, 
Table XVII 

V 

Variation of 8tre«s, 1 1 
Velocity, loss of head due to, 269 
Vertical shearing stress, cases of, 56 
60 , rules for finding, 55 

IV 

Walls, enclosure, 227 , retaining, 
230, retaining for earth, 236, 
for water, 232 (see Retaining 
walls) 

Warren girder, 187 , ifaxwell'a dia 
grams for, 1 94 (see Braced girder), 
stresses on, 188 

Water supply, examples of, for a house, 
constant, 274 , intermittent, 271 , 
for a street, 277 (sec Hydraulics, 
Pipes, etc.) 

Web of plate girders, 157, 166, 173 , 
connection to flanges, 161, 167 , 
joints in, 161, 168, 175 , thick 
ness of, 160, 168, 174, Table XI 
Weight of earths, stones, etc. Table 
XVII , of girdeis (Anderson’s and 
Unwins formulee), App XV , of 
metals and timber, Table I , of 
roof covering, Table XIII , of 
roof framing, Table XII , of T 
and angle iron, Table X 
Whipple Murphy girder, 188, ex 
ample, 1 90 , Maxwell’s diagram 
for, 194 (see Braced girder) 
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"Wind pressure, on cliimney, 225 ; on 
roof, 200, Table XIT. ; on ■wall, 
227. 

"Woliler’s experiments, 11. 

"Wooden roofs, scantlings for, Table 
X'\^., note, 217. 

„ structures, joints in, 149 (see 

Joints). 

„ beams (s'^c Timber beams). 

Working load, 5. 

„ resistance, 49. 

„ stresses or resistance, general , 

Tables !«., XXYI.j Brick- 
work, Table !«. ; cast iron, 
94 ; concrete, Table Irr. ; 
pin joints, 141; rolled 1 


beams, S2 ; riveted joints 
123 ; screws, 146 ; tim- 
ber, Table la. 

Wray (Seddon), references to, 100, 
200, 201, Table !«., IX., XII., 
XIII., XV. 

Wrought iron, resistance of, 82 ; mod- 
uli, weight, ultimate 
resistance. Table I. ; 
safe resistance, 82, 
Table lo, XXVI. 

„ cantilever, 22 ; strut 
for roof, 119 ; rolled 
beams, 81; principal 
for roof, calculations, 
120, 214, 216. 
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